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MICROBIOLOGY 
Staphylococcus aureus Panton Valentine Leukocidin > 
Causes Necrotizing Pneumonia 

‘M. Labandeira-Rey et al. 

‘virulent frm of drug-resistant bacterium not only carries genes for a potent toxin 
bbutalso makes more ofan inflammatory factor, exacerbating the resulting pneumonia. 


10.1126/science.1137165 
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Integration of TGF-/} and Ras/MAPK Signaling 
Through p53 Phosphorylation 

M. Cordenonsi et al. 


wo prominent signaling pathways important for cell growth and development 


Intersect ata common tumor suppressor, p53. 
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Molecule Carrier 
KL Wong etal. 
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Brilliant Whiteness in Ultrathin Beetle Scales 348 
P. Vukusic, B. Hallam, J. Noyes 

‘Although only 5 micrometers thick, the scales of a beetle appear 
brilvantly white because they contain a sparse, random network 

‘of cuticular filaments that efficiently scatter tight. 


REPORTS 


PHYSICS 
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‘roperties ofa thin iron-pallaium fim immersed in an electrolyte 
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‘their usual glass transition temperature. 
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X Weta 

A pulsed arc discharge yields stable aluminum-hydride clusters, 
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Divalent Metal Nanoparticles 358 
GA. Devries et al. 

Different molecules canbe placed at opposite positions in the 
‘molecular coating of metal nanoparticles oform chemical handles, 
allowing assembly ofthe particles into chains o ins. 
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Global-Scale Similarities in Nitrogen Release 361 
Patterns During Long-Term Decomposition 

W. Parton etal. 


Experiments in 21 sites from seven biomes show that nitrogen release 
by liter decomposition depends mostly on nitrogen concentration 
rather than on climate variables. 

GEOCHEMISTRY 

Water Solubility in Aluminous Orthopyroxene 364 
and the Origin of Earth's Asthenosphere 

K-Mierdel W. Keppler, JR. Smyth, F Langenhorst 
Experiments show thatthe solubility of water in mantle minerals 
‘aches a minimum at depths of 150 to 200 kilometers; the free 
water there may explain the melting and low selsmic velocities 

>> Perspective. 338 

CLIMATE CHANGE 

‘ASemi-Empirical Approach to Projecting Future 368 
Sea-Level Rise 

5, Rahmstorf 

Relating the observed seatevel rise and global air-temperature 
increases over the 20th century preci that sea levels may rise by 
05 t0.1.4 meters by 2100. 
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‘Nonequilibrium Mechanics of Active Cytoskeletal 370 
Networks 

D. Mizuno, C Tard, C. & Schmidt, F.C MacKintosh 

When the motor protein myosin is added toa gel-like network of 
«rosstnked actin laments sila to that in cells, the network 
stless increases nearly 100-fold and an then be modifies by ATP. 
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‘An Inward-Facing Conformation of a Putative 373 
Metal-Chelate-Type ABC Transporter 

H.W. Pinkett, AT. Lee, P. Lum, K.P. Locher, D. C. Rees 

‘A pump moves molecules out of cls by coupled changes in the 
‘hucleotide-binding domain and membrane-spanning helices, which 
such the accessibility ofthe central cavity from outside to inside. 
IMMUNOLOGY 

Antibody Class Switching Mediated by 37 
Yeast Endonuclease~Generated DNA Breaks 

AA Zarrin etal. 

Factors required forthe DNA rearrangement that generates antibody 
classes canbe replaced by yeast cleavage-site sequences, pointing 
toageneral DNA.epair system. >> Perspectives. 335 

ECOLOGY 

Farmland Biodiversity and the Footprint 381 
of Agriculture 

S.J. Butler, JA. Vickery, K. Norris 

[A protocol or assessing how agricultural intensification afets bid 
habitat and diet predicts bird population status and may be generally 
‘sell for conservation planning. >>Peripective 34 
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Control of Drosophila Gastrulation by Apical 384 


Localization of Adherens Junctions and RhoGEF2 
V. Kalsch et al. 


Furrow formation is initiated during gastrulation when a protein 
in the outer membrane of epithelia cells binds a cytoskeletal 
‘modulator, constricting the outer part ofthe cells 

GENETICS 

High-Throughput Identification of Catalytic 387 
Redox-Active Cysteine Residues 

. E. Fomenko et al. 

Screening of genome databases for bound cysteine-selenacysteine 
‘airs has identified known proteins with redaxcactive cysteines and 
‘predicts previously unknown ones, 


jon and Excitation Drive 390 

‘Spike Activity in Spinal Half-Centers 

RW. Berg, A. Alaburda, J. Hounsgoard 

The neural circuit for scratching in turtles unexpectedly shows 

periodic waves of simultaneous excitatory and inhibitory synaptic 

‘activity, rather than the anticipated alternating escilations, 
Perspective p. 339 

NEUROSCIENCE 

‘Wandering Minds: The Default Network and 393 

Stimulus-Independent Thought 

‘M.F Mason etal. 


When the human brain is not engaged by outside stimulation, 
an active network of cortical areas apparently subserves 
‘mind- wandering, 
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with a rigid frame that permits smooth and 
‘complete withdrawal of samples. 
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‘Modeling the Ocean’s Motion 

Researchers chart the course of a curren as it ferries junk 

across the Pact, 

‘A Huff Equals a Puff 

‘Abused inhalants trigger the same brain response 3s 

«cocaine and nicotine, 

Big Melt Threatens India's Water 

Himalayan glaciers have declined one-fith inthe past 4 decades, 
according to new report. 


RGS2: Astructured RGS domain 
and unstructured N terminus. 
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PERSPECTIVE: RGS Proteins—Swiss Army Knives in Seven 
Transmembrane Domain Receptor Signaling Networks 
S.P.Heximer and K.}. Blumer 
‘An unstructured domain alos RGS2 to regulate more than just 
Gpooteins. 

PERSPECTIVE: Propping Up Our Knowledge of G Protein 
Signaling Pathways—Diverse Functions of Putative 
Noncanonical Gi} Subunits in Fungi 

CS. Hoffman 

Proteins that adopt a conformation lke that of GB serve various 

3 functions in G protein signaling. 

3 FORUM 

Join the ongoing discussion of redox regulation through gysteine 

‘modulation of GPCRS in the “Open Forum on Cell Signaling.” 
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Resisting the temptation to cheat. 
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US: Dealing With Deception 

B. Benderly 

‘As scientific cheating increases, researchers must protect their own 
‘careers and the integrity of science. 
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D. Jensen 

‘Good CVs and resumes share some common threads, 
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Enabling Innovation 


{In open innovation, different actors work 
together in a flexible manner so that they can 
develop products and services more efficiently 
than they could on their own. Dearing (p. 344) 
relates ways companies think about innovation 
within the policies that European governments 
are putting in place to foster productive innova: 
tion, Qualities that define effective ecosystems 
for innovation include the potential for market 
growth, straightforward and effective regula: 
tions, and the availability of skilled resources. 


Aluminum Pyramid 

The tendency of boron to compensate for its 
election deficiency by forming elaborate polyhe 
dal hydride clusters has long intrigued chemists 
and given rise toa detailed series of bonding 
tules that rationalize cage geometries based on 
electionic structure, In contrast, aluminuny has 
not evinced a comparably rch hydride cluster 
chemistry, despite sharing boron’s valence struc 
ture, However, photoelectron spectroscopy stud: 
ies by Li et al. (p. 356) indicate that the neutral 
AL, cluster i actually quite stable. Density 
functional theory supports a distorted tetrahe 
dal aluminum arrangement. The stability ofthis 
molecule suggests the potential for synthesizing 
a broad range of (All, structures 


Random Stacking 
Beats the Heat 


Materials with tow thermal conductivity ae not 
only useful as thermal barriers but thermoelec 


‘CREOITS TOP TO BOTTOM VERENA KOLSCH AND MARA LEP WESHEIT EAL 


published online 14 December, see the Perspec 


www.sciencemag.org 


tric energy conversion. Chiriteseu et al. (p. 351, 


tive by Goodson) find that when tungsten 
selenide, a layered material similar to graphite 
in the weakness of attraction between its layers, 
is grown from alternating thin films of W and Se, 
the sheets stack in a random manner. This disor 
dering, coupled with the high in-plane ordering 
of the Layers, leads to an extremely low cross 
plane thermal conductivity for a fully solid 
film—as low as 0.05 watts per meter per kelvin 
at room temperature, of 30 times less than the 
axis thermal conductivity of single-crystal 
\Wse,. Disruption of the in-plane ordering by ion 
‘bombardment actually increased the thermal 
conductivity of the material 


Electric-Field— 
Modulated Magnetism 


The ability to modulate the magnetic properties of 
material with an applied electric field offers the 
potential of low-power consumption and fast 
memory devices. Weisheit et al. (p. 349) report 
(on the fabrication of a tri 
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Cellular Morphogenesis with a Twist 


Cellular morphogenesis is important throughout much of early 
development in multilcellular animals. During Drosophila 
gastrulation, epithelial cells on the ventral 
display apical constrictions that cause the invagination of the 
mesoderm and formation of a ventral furrow. Kélsch et al. 
(p. 384) now identify a target of the transcriptional activator 

Twist. This transmembrane protein, T48, coordinates with sig- 

naling factors Fog and Cta to localize the cytoskeletal modulator 

RhoGEF2 to the apical side of ventral cells in order to direct apical 

constriction and ventral furrow formation, 


ide of the embryo 


to prevent their further growth or agglomera: 
tion. Such a layer might be assumed to be 
isotropic, so that further derivatization or 
attempts to connect nanoparticles would be non: 
selective in terms of bonding directions. How: 
ever, when rodlike molecules pack on a spherical 
object, atleast two defect areas must form at 
‘opposite poles (much in the same way that hair 
‘on a person's head must adopt a whirl pattern). 
Devries et al. (p. 358) exploit this phenomenon 
to selectively bond two different types of ligands 
to metal nanoparticles, such that they can be 
further reacted at the potes to give them direc 
tional bonding, The nanoparticles could then be 
formed into free-standing films. 


Water Marks the 
Asthenosphere 


Plate tectonics assumes that rigid plates float 
and move over the weaker asthenosphere, which 
extends from about 60 to 220 kilometers below 
the oceans and 150 kilo 


layer junction of metallic 
ferromagnetic thin films 

immersed in a dry propyt 
ene carbonate electrolyte. 
The ferromagnetic magne: 


meters below continents. 
The softness of the 
asthenosphere may be 
caused by pockets of 
hydrous melt. Mierdel et 


tization in the layer in con 
tactwith the electrolyte, a 2-nanometer-thick 
FePa film, could be modified considerably by 
applying a voltage across this barrier with a Pt 
counter electrode. 


The Ends Enable the Means 


During their synthesis, nanoparticles are often 
coated with a capping layer of rodlike molecules 
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al, (p. 364; see the Per 
spective by Bolfan-Casanova) have performed 
experiments which show that the asthenosphere 
could coincide with a zone that marks 3 mini: 
mum in the solubility of water in mantle miner 
als. A sharp drop occurs in water solubility in 
aluminous orthopyroxene with pressure, or 
equivalently depth, whereas the water solubility 
in olivine continuously increases. The limits of 
Continued on page 299 
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Science is organized 
knowledge. Wisdom is 
organized life. 


Immanuel Kant 


Philosopher (1724-1804) 
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We have learned much in the past hundred years. Expect a lot more. 
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the asthenosphere would be the regions where water comes out of solution and forms pockets of 
hydrous silicate melt, 


Modeling the Cytoskeleton 

The cytoskeleton, the mechanical framework of cells, represents a nonequilibrium activ 
an adapt its mechanics to perform tasks such as cell locomotion. Mizuno et al. (p. 370) show that in a 
reconstituted model system comprising actin filaments, a crosslinker and a motor protein (myosin I) 
the motor activity controls the mechanical properties ofthe actin network. Adenosine triphosphate could 
promote near 100-fold increase in sifines and change the viscoelastic response of the network, A quan: 
titative model connects the large-scale properties ofthe gel to molecular force generation 


nachinery that 


Sideways with a Twist 


Hg. The family of ABC membrane transporters uses the energy from 
MES adenosine triphosphate hydrolyze by the nucleotide-binding 
© domain (NBD), to power transport of substances into ox out ofthe 
2 cell via the transmembrane domain (TMO). Pinkett et al. (p. 373, 


published online 7 December) report the NBD-TMD structure of an 
inward-facing conformation of a bacterial metal chelat 


importer 


and compare it to the outward-facing structure of another ABC 


co 2 family member, the vitamin B, importer, Smal shifts in the rela 

vce tive orientations of the membrane-spanning helices in the TMD 

(padoe , Woes sulfice to switch the accessibility of the central cavity from 
edo periplasmic to cytoplasmic. Furthermore, these shifts are assoc 
v4 ated wit, and perhaps driven by, twisting and translational confor 


ve 
AZARS naional changesin the NBD 


Making (and Breaking) the Switch 


B cells produce different classes of antibod 


ies by combining the highly variable antigen-binding 
5s switch recombination, in which 
nces that flank the constant 


saminase AID and subse 


front-end with one of a selection of functional rear-ends through, 
somatic gene rearrangement brings together intronic switch region sequ 
gion segments, After generation of double-strand breaks by the cyt 
lervening DNAs deleted and the upstream variable sequence meets its selected 
constant-region partner. To look more closely at the role AID and the switch regions themselves play 
the by Chaudhuri 
yeast, which allows the pro: 


quent end-joining 


erspect 


in this process, Zarrin et al. (p. 377, published online 14 December 
and Jasin) replaced the switch sequences with endonuclease sites fro 
duction of independent double-strand breaks. Surprisingly, cla 
with a measurable frequency and was independent of AID 


switch recombination still took place 


Dance, Turtle, Dance 

The basic spinal network mechanisms underying limb movements ate stil not fully understood 
Investigating spinal cord preparations from adult turtles, Berg et a. (p. 390; see the cover and the 
Perspective by Kristan) describe how spinal networks operate during motor pattern generation. Bat 
anced increases in synaptic excitation and inhibition operate in spinal motoneurons to produce rth 
imic bursts of action potentials that ae stochastic in nature. This activity contrasts strongly with the 
classical notion that antiphasic inhibition and excitation produces rhythmic activity in oxilatory 
spinal networks. 


Daydream Believer 

Despite the preponderance of daydreaming during everyday life, little is known about its neurocognitive 
underpinnings How does the brain spontaneously produce the images, voices, thoughts, and feelings 
that constitute stimulus-independent thought? By analyzing functional magnetic resonanc 

signals associated witha cognitive task that was shown to induce a high frequency of mind wandering, 
Mason et a. (p. 393) show that between periods of instrumental thought and goal-directed behavior, the 
sind exhibits tonic activity in a network of cortical regions. This so-called default network contributes to 
the production of stimulusindependent thought and the subjective experience of mind wandering, 


imaging 
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1) Druglike Parameters: 

+ Low Molecular Weight, 
(average 380MW) 

+ Hydrogen Bond Acceptors: 10 
+ Hydrogen Bond Donors: <3 


* 50 druglike, medicinally relevant 
templates 

* Low final compound numbers per 
template 


Novelty 

* >50% final compounds contain 
proprietary building blocks 

* 2points of substitution/template 


4) Propertie 

* 60,000 final compounds 

* 100% Hit re-supply 

* LOMS/ELSD QC with Purity 
of > 90% 

* 100% obey Lipinski's Rule of 5 

* 91% of compounds obey 
published solubility parameters & 
Various medicinal chemistry fiters 


5) Ease of follow-up: 

* Sub-libraries designed with 
built-in SAR utilizing 
ChemBridge 


Please contact Sales@ChemBridge.com 
wwew.chembridge.com 


Introducing Our Second Generation Genome Sequencing System 


Genome Sequencer FLX 


Be First to the Finish with... 


Increased read lengths averaging 200 to 300 bases per read 


Throughput of more than 400,000 reads per run 


High single-read accuracy greater than 99.5% over 200 bases 


Consensus-read accuracy greater than 99.99% 


.-more Flexibility and more Applications. 


Visit www.genome-sequencing.com (o learn about the 
expanding number of peer-reviewed publications appearing weekly 


454 Stiences 


Roche Diagnostics GmbH 
Roche Applied Science: 

‘SUS Soeee Copan eins CUBA 68298 Mannheim 

© 007 Roche Dogri Gh Agen Germany 


Donald Kennedy isthe 
Editor-in-Chief Science, 


Source It Out 


THESE DAYS, OUTSOURCING IS ALL THE RAGE IN THE UNITED STATES; ONE CAN FOLLOW IT ALL 
the way from the campus to the national park system, then to Irag, and finally to our domestic 
Political infrastructure. Beginning with the first: It used to be that faculty members at Generic 
State U. could be sure thatthe campus bookstore nd food service were home-grown enterprises, 
staffed by people they got to know. Now those enterprises are likely to be connected to Borders 
‘or a multinational food service company. These arrangements, a prominent feature of the 
outsourcing epidemic, are popularly called public-private parmerships. The term lendsa sense of 
comfort, but italso hides some nagging problems. 

The US. government is getting into outsourcing through public-private partnerships, big 
time. In the Bay Area, military base closures have created an appetite for putting private ventures 
‘on public lands. San Francisco's most desirable piece of public land, the Presidio, was trans- 
ferred to the National Park Service after its base closed. Congress then created a spe: 
called the Presidio Trust, with a management plan demanding self-sufficiency 
by 2015. Originally, it required occupancy by nonprofits, but given the 
tough target date, it’s hardly surprising that somehow the trustees 
accommodated Lucasfilm Ltd. Meanwhile, at the old Moffett Field, 
the National Aeronautics and Space Administration is looking 
around for new partners. How about Gog! 

Moving on: The public-partnership responsible for the Iraq 
mess includes a huge array of private organizations holding 
‘outsourced roles. Some are contractors, such as Bechtel and ay 
Halliburton, whose high overhead may be justified by the = 
challenge of restoring (or not) infrastructure while being shot 
at, The other commercial partners are, to put the matter 
bluntly, mercenaries: well-armed contract employees (think 
Blackstone) playing roles that are at least paramilitary if not more. This high-water mark in 
‘outsourcing for war has put some of the legal risks of public-partnerships on display: The New 
York Times reports that of 20 accusations against contract employees of crimi 
Iraqi and American detainees, none have been acted on. If part of the partnership deal entails 
immunity, the deal may not be all that wonderful, 

When functions vital to a democratic society are partially outsourced to private interests, legal 
problems arise and social costs are like! It. To be sure, there are some benefits. Much of 
US. domestic infrastructure has been put into the hands of private commercial entities for 
sensible reasons. Privately run toll roads are werked into the highway system, and the Intemet is 
‘a valuable utility that operates well asa public-private partnership. But although voter confidence 
in the system by which we choose our government representatives is essential, in many places 
private vendors have provided the electronic touch-screen machines that count the votes. This 
public-private partnership has produced both technical doubts (how can the voter be sure thatthe 
vote gets counted’) and legal ones (can the state know and reveal what's inside the machines?). 

A major supplier of such machines, Diebold, is a central player in the debate, partly because 
its CEO, also the chair of the Republican Party in Ohio, unwisely declared his hope to se 
his state’s 2004 vote for Bush. The next year, North Carolina asked for bids for machines, with 
the requirement that bidders reveal the computer codes and other details about how the 
machines would work. Diebold appeared to get the bid but refused to meet this stipulation, 
claiming that the information was a trade secret. The sate Elections Commission then decided 
to disregard its own requirement on the basis that no bidder could be expected to meet it. 
The stalemate broke when, afier a court test in which the state's provision was upheld Diebold 
withdrew. Meanwhile, another bidder acceded. showing that the requirement could be met 
des ‘the commission's earlier conclusion. 

Diebold’s withdrawal was fortunate, but they are selling machines elsewhere, The lesson from 
these adventures with public-to-private oursourcing i that if you'Te going to hire others todo your 
work, better make them as accountable as you are. Otherwise you've bought yourself'a fig leaf. 

Donald Kennedy 
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EDITED BY GILBERT CHIN AND JAKE YESTON 


Generics 
Generating Varieties 


Paralogs are the result of a gene duplication event arising after 
speciation. By examining expressed sequence tags (ESTs) in the 
B73 strain of maize, Emrich etal. identified gene copies with 98% 
‘or more similarity, which they have labeled as nearly identical par- 
alogs (NIPs). Approximately 1% of all genes in maize (Zea mays L) 
have a NIP, a significantly higher rate than found in Arabidopsis. 
Many of these NIPs demonstrate linkage, suggesting that they 
originated via tandem gene duplication. Among NIP families it was 
found that both gene copies were often expressed (~80%) and that 
the expression of an individual gene often differed from that of its 
paralog, These data suggest that paralogs may be a means by which 
‘organisms generate variation and, in the case of maize, may have 
been important in providing varieties for selection and domestica- 
tion by humans, —LMZ 

Genetics 10.1534/genetics.106.064006 (2006). 


PsycHoLoGy 
Morality on the Web 


Inconsistencies —for instance, between what is, 
‘observed and what is eported—can be fecund 
‘ground for researchers to til, and a topic of cur- 
‘ent interest isthe incongruence between the 
moral judgments that people make and the rea~ 
sons that people proffer asa basis for those judg 
‘ments. At one side are the proponents of con: 
scious or deliberative thought as the means for 
‘making choices when confronted with moral 
dilemmas, whereas another view favors intuitions 
artved at via automatic or inaccessible processes 
as the motivation for their responses. 

Cushman et al. have elicited “ought versus 
‘ought not” judgments and postiudgment ratio~ 
nales from more than 500 people by using a Web- 
based script. Participants read carefully con 
structed scenarios and registered theit judgments; 
they were then presented with their choices in 
pairs ofthe scenarios that differed in only one of 
three dimensions and asked 
for a justification. in situations 
where action (or inaction) was 
involved, participants were 
consistent in their judg- 
‘ments and generally had 
‘no difficulty in articulat- 
ing a reasoned argument 
{or how they had decided 
\which behavior was morally 
bette. n contrast, when inten 
tional (or unintentional) harm 
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was the issue, the pattern of judgment was just as, 
cleat as inthe action scenarios, but most partic 
‘pants could not explain why they had chosen as 
they did. Hence, there may be more than one way 
to reach a decision on morality. — G]C 

Psychol. ci. 17, 1082 (2006). 


CHEMISTRY 
From Soup to Nuts 


The promise of microfluidic ystems, in which very 
small volumes of liquids are manipulated, 
processed, and interrogated, i that it may be pos- 
sible to develop low-cost diagnostic systems, par- 
ticularly for use under challenging field condi- 
tions. Although there has been tremendous 
‘progress in developing microfluidic components, 
creating an integrated system that can analyze an 
‘unpurified sample has remained a goal. 

Easley et a. describe a microfluidic system 
with three distinct functional domains. The first 
‘mo are for sample preparation, consisting of 
solid-phase extraction (SPE) to 
pull out sample DNA from a 
‘crude specimen and for sub- 
sequent PCR amplification, 
‘Alter this, the amplified 
products are then 

injected along with 
‘a DNAstandard into 
an electrophoretic 
detection domain. One key 


‘The microfluidic lab bench. 


aspect ofthe device (3 x 6 cm) isa series of valves 
that are used to isolate each unit, thus keeping 
SPE reagents from reaching the PCR domain; 
these valves are also used ina diaphragm tke 
fashion to pump the amplified DNA into the ana- 
‘ytical chamber, The authors demonstrate the 
detection of Bacillus anthracis in 750 nl of whole 
blood taken from infected but asymptomatic mice, 
and they aso are abe to measure Bordetella per- 
tussis in 1 i of nasal aspirate taken from a patient 
suspected of having whooping cough, — MSL 

Proc Nath Acad. Sct, U.S.A. 203, 19272 (2006). 
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IMMUNOLOGY 
A Loss of Intestinal Fortitude 


a 

: 

8 
The large-scale and rapid depletion of CD4* T i 
cells in the weeks after HIV infection occurs pre- 
dominantly in the gastrointestinal tract. Accompa~ i 
ning this loss isa sustained whole-scale activa- 
tion ofthe immune system, which corresponds | 
directly with the eventual progression to AIDS. 

Brenchley etal. propose that the two processes 

are tightly coupled, with impaired intestinal 
integrity leading to the translocation of gut i 
microbes, or some of their constituent compo- 
‘nents, which overstimulate the immune system, j 
Girculating levels of bacterial lipopolysaccharide 
(UPS), which was used as a marker for microbial i 
translocation, were markedly elevated in the sera 
of chronically infected HIV individuals and in 2 
macaques experimentally infected with the simian & 
immunodeficiency virus (SIV). This increase corre- i 
sponded directly with footprints of immune acti- 
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(Reo STERIC ETAL.ANGEW CHEM NT 0.10 YODA SHS. 208) 


vation, including circulating cytokines, antibodies 
{0 LPS, and immune-cell turnover. In HIV patients 
‘undergoing highly active antiretroviral therapy, 
LPS levels were decreased, with a corresponding 
‘rebound in CD4*T cell numbers, Furthermore, in 
the absence of pathology—as typified in the 
infection of natural primate hosts for SIV—signs 
of substantial microbial translocation or immune 
activation were not apparent. The link between 
HIV infection, interity of the mucosal immune 
system, and chronic peripheral immune activation 
‘may prove important to consider in future thera 
pies for HIV infection. —]S. 

‘Not Med. 12, 1365 (2006) 


APPLIED PHYSICS 
Eavesdropping Foiled by Decoys 


Secure communication between a sender and a 
receiver generally requires the message to be 
encrypted, with the sender and recipient sharing 
a secret hey that encodes and deciphers the 
‘message. ideally, the key should be changed 
‘often, and so for practical reasons the key 
should be distributable over normal communi: 
cation channels, However, the possibility of the 
interception ofthe key by an eavesdropper 
would compromise security. There i, therefore, 
‘a need for a method to distribute the key to the 
recipient securely that any attack on the com 
‘munication channel by a potential eavesdropper 
«an be detected and appropriate action taken. 
Yuan et a. use a combination of signal and 
decoy optical pulses sent over a 25-km optic fiber 
to demonstrate unconditionally secure quantum: 
fey distribution toa recipient, Because the decoy 
pulses are weaker than the signal pulses, intercep- 
tion by an eavesdropper considerably reduces 


www.stke.org 
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their transmission rate to the receiver, thereby 
revealing the existence of an eavesdrapper. 
‘Although the use of decoy pulses does provide for 
secure communication, it also places stringent 
‘equirements on the calibration of the sources and 
the detectors so that atifacts do not compromise 
security. — 150 

‘op Phys. Lett. 90, 011118 (2007). 


CHEMISTRY 
Stabilizing Porphyrin Stacks 


Expanded porphyrins are larger versions of the 
familiar tetrapyrrole compounds. These extended 
aromatic frameworks could potentially form dis 
otic, liquid-crystalline phases, but the floppiness 
of the electron-rich structure disrupts stacking 
Stepie’ et a. have prepared cyclol®]pyrrole 
ations bearing phenylalkyl side chains and a 
central sulfate counter ion. Tey find that ele 
tron acceptor mole 
cules such as trini- 
trobenzene (TNB) form 
1:1 adducts with the 
‘expanded porphyrins, 
which leads to 
‘changes in color and 
‘an produce columnar 
stacking and the for 
mation of discotic 


Liquid crystal structure 
(oray, side chains; green, *s0Phases. This 
pyrrole cores; red, TNB;  2PPrOac, if success 
yellow, sulfate). fully applied to related 


explosives such as TNT 
Atrinitrototuene), might provide a simple visual 
‘method for detection or sensing. — PDS 
‘Ange Cher. Int. Ed. 10-1002 aie. 200603893 
(2006), 


<< A Balance Between Life and Death 


Cancerous cells often exhibit not only a capacity for excessive prolifera 
tion but also a resistance to apoptosis. For example, the oncoprotein 
MYC, an important contributor to many human tumors, activates the 
transcription of some genes and represses that of others and thus influ 
ences many target genes that might contribute to the regulation of apop- 


tosis. Patel and McMahon have extended earlier studies that showed that the binding of c-Myc tothe 
transcription factor MIZ-1 and the inhibition of MIZ-1-dependent transcription were important for 
‘promoting apoptosis. in human fibroblasts, a form of c-MYC (MYCV394D) that does not interact 
With MIZ-1 was defective in inducing apoptosis. Furthermore, when the level of MIZ-1 was reduced 
in these cells, the apoptotic effect of c-MYCV394D was restored. MIZ-1 activates the transcription of 
several hundred genes, and a search of target genes in microarrays yielded a promising candidate: 
the gene encoding the antiapoptotic protein BCL2. Indeed, expression of BCL2 was decreased by c 
[MYC but not by c-MYCV394D, and inhibiting BCL2 expression rescued the ability of c-MYCV394D to 
‘promote apoptosis. Previous studies of mouse models and of human tumor cells have shown that 
BCL2 and c-MYC appear to work together in promoting cancer, and these results indicate that tran 
scription of the BCL2 gene is regulated through MYC and MIZ-1. — LBR 


www.sciencemag.org 
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AAAS Travels 


Come explore the world 
with AAAS this year. You will 
discover excellent itineraries 
and leaders, and congenial 
groups of like-minded travelers 
hare a love of learning 


Sopper Canyon, 
Mexico 


March 24-31, 2007 
Mexico's greatest fe 


Backroads China 
‘April 13-29, 2007 
With FREE Angkor Wat Tour (+ ai 
Join our guide David Huang, and 
discover the delights of South- 
western China, edging 18,000- 
foot Himalayan peaks, the 
lly rich 


With optional Istanbul 

Extension to.June 9 

Experience a classic adventure with 

heedy. Explore Athens, 

Delphi Delos Santorini & Knossos 
5 © 24or-1 airfrom JFK. 


Ext. July 29-August 8 


‘enchanted isles” on Ge 
board the M/V islander © 


while exploring the fascinating 
Galapagos archipelago where 
wildlife abounds! From $4,150 + air 


the Swiss Alps 
August 2, 2007 


Appenze 
; plus La 
and StGallen, 


Madagascar 
July 24~August 6, 2007 
An outstanding introduct 
tothe nature reservesand 


Berenty and much more! 
Call for trip brochures & 
the Expedition Calendar 
(800) 252-4910 


17050 Montebello Road 
cupertino, California 95014 


Email: AASinfoabetcharteypeditions.com 
(On the Web: www betchartexpeditions.com 
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better 
things 
ONC OW... 
better consistency 
better purification 


better results 


Introducing 
Personal Automation™ 
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More Flexible LCM 


Molecular Devices introduces Arcturus*T™, the only open, moduler microdissection instrument 10 
combine Laser Capture Microdissection (LCM) with UV laser cutting, Arcturus is the ideal solution 
for researchers who require more flexibility and system ease of use. 

© Unique IRenabled LCM—never lose contact with the samplet 

@ Nikon TE2000U base—research-grade microscope with high-quality optics 

© Fully upgradable and extendable platrr 

@ Optional UV Laser Cuting and EpiFluorescence 

@ Phase contrast and DIC options —ideal for live-cell applications 

© Ergonomic touch-screen monitor and tackhall-contrlled stage 

© Full range of objective offerings —2x to 100% 

© Compatible with glass or membrane slides 


By combining gentle LCM and rapid UV laser cutting, you have more choices in the isolation of pure 
ell populations to ft any research appication. The new Arcturus*T system, along with our Arcturus” 
microgenomics reagents and GenePix® microsrray scanners and software, provide a more complete 
solution for microarray research. Visit wwwmoleculordevices.con/L.CM for more information, 
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on cellular regulation 


STKE - Signal Transduction Bas 
Knowledge Environment offers: 


Aweekly electronic journal 

Information management tools 

Alab manual to help you organize yourresearch 7 

* An interactive database of signaling pathways ci = ——_== 


STKE gives you essential tools to power your For more information go to www.stke.org. 
understanding ofcellignaling. tisalsoavibrant To sign up today, visit promo.aaas.org/stkeas 
Virtual community, where researchers from around 
the world come together to exchange information 
and ideas. 


Sitewide access is available for institutions. 
To find out more e-mail stkelicense@aaas.org 
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Telltale Stripes 


Devotees of DNA bar-coding, a method of differentiating species 

using shor, standard DNA sequences, hope to speed the description 

of new kinds of organisms and make it easier for nontaxonomists to 
identify tricky specimens such as this tachinia fly (Adejeania vexotrix; left). 
Keeping track of the latest developments in the field is Mark i 


__ Scientist surveys wall 
‘of detached ice shelf. 


‘Stoeckle, a physician who teaches in the Program for the 
Human Environment at Rockefeller University in New York 
City. Last March, Stoeckle launched the Barcode of Life 
Blog, which provides weekly news updates, analyses of 
papers, and other information. Recent posts, for example, > 
discuss the technique’s success in distinguishing 
hard-to-separate species of red algae and why the 
mitochondrial DNA sequences often used as bar codes 
differ more between species than within them, 


Outwitting the 
Grim Reaper 


The bigger your brain is relative to your body, 
the smarter you are, increasing your chances 
of staying alive in a dangerous world. That's 
the idea explaining the evolution of brain 
size, and it's indirectly supported by evidence 
that big-brained animals are better problem 
solvers and socially more complex. But there 


are few data directly connecting bigger brains 


with survival 
Now, evolutionary biologist Daniel Sol of 
the Autonomous University of Barcelona in 
Spain and colleagues in 
the United Kingdom, 
Hungary, and 
Canada have used 
birds to fill in this 


>> phe.rockefeller.edu/barcode/blog 


migration casvalties and the lifeshortening 
effects of caring for young, the scientists 
reported online on 4 January in the Proceedings 
of the Royal Society B. Evolutionary psychologist 
Robert Deaner of Grand Valley State University 
in Allendale, Michigan, says the findings are 
‘not unexpected, but they supply the “first real 
evidence” forthe idea that “Iarge-brained 
species have alow probability of dying” within 
a given period, 


Let's Brainstorm 


The U.S. National Academy of Engineering (NAE) 
last week announced the launch of a “worldwide 
brainstorming session” on great engineering 
ideas for the 21st century. 
‘A19-member multidisciptinary inter 
national committee, headed by for 


ARCTIC BREAKUP. 

Canada used to have si ie shelves; now it only 
has five, after the astonishingly rapid and total 
collapse of the Ayles shelf off Ellesmere Island 
near northern Greenland. The Canadian Kee 
Service noted the breakup on satellite images 
shortly after it occurred on 13 August 2005, 
but it got no public notice until last week, 

Ina striking example of fallout from climate 
change, 87.1 square kilometers of ice calved off 
inless than an hour, according to a team led by 
University of Ottawa glaciotogist Luke Copland, 
Ina paper now under review at Geophysical 
Research Letters, the scientists say a long crack 
appeared in the 4500-year-old shelf when pack 


gap. The team mer U.S. Defense Secretary William | ice normally pinning it in place melted away. 
analyzed mortal Perry, is charged with coming up | The shelf ice moved rapily offshore in several 
ity rates in with alist of about 20 engi pieces, causing the disappearance ofa rare 
300 natural neering challenges, which | freshwater lake ecosystem that had been 
populations of will be announced in dammed behind it 

220 species in September. Ice shelves “are endangered landscape 


environments from 
tropical to polar regions. They 
found that relative to body size, birds 
with larger brains, such as parrots and 
crows, live Longer than do smaller: 
brained species such as grouses or pigeons. 
The average tropical parrot, for example, has 
6% to 12% chance of dying in any given 
year, whereas the odds of survival for a morn: 
ing dove are less than 50-50. 

The correlation remained significant even 
after accounting for other factors such as 


wwwsciencemag.or 


The publicis invited 
tochime in at 
wow.engineering 
challenges.org, 
where engineer and 

former President jimmy Carter has a lead-off 

essay on his favorite challenge, “the growing 
chasm between the rich and poor.” 
NNAE spokesperson Randy Atkins says this 


exercise isa natural follow-up to NAE‘ ist of 
“greatest engineering achievements ofthe 
20th century.” 
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features,” says Wannick Vincent, a polar scientist 
at Laval University in Quebec. Elesmere’s have 
shrunk 90% since 1900, and summer ice cover 
om its lakes has thinned by nearly two-thirds since 
the 1990s. The largest chunk of Ayes ice shell— 
now Ayles ie istand—is now frozen into sea ice 
about 50 kilometers from its origin, But this win 
ter, normally solid ice has been fractured by high 
winds and temperatures 7°C above normal f the 
island breaks loose, Copland says, it could gyre 

1 currents into the lower-Arctc Beaufort Sea, 
where it may menace ships and ol rig. 
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% +7 . Asa child | got very interested in space travel. 
Who’s helping bring 66 paid 
When | was six my father gave me some 
the gift of science books on rockets and stars. And my universe 


suddenly exploded in size because | 
realized those lights in the sky | was 
looking at were actually places, 


to everyone? 


| wanted to go there. And | discovered 
that science and technology was a gift 
that made this possible. The thrill of most 
Christmas presents can quickly wear off. But I've 
found that physics is a gift that is ALWAYS exciting. 


I've been a member of AAAS for a number of years. 
| think it's important to join because AAAS represents 
scientists in government, to the corporate sector, and 
to the public. This is very vital because so much of 
today's science is not widely understood, 


| also appreciate getting Science because of the 
breadth of topics it covers. It gives me a great 
grounding for many activities in my professional life, 
such as advising government agencies and 

private corporations, 99 


Jim Gates is a theoretical physicist and professor at 
the University of Maryland. He's also a member 
of AAAS. 


See video clips of this story and others at 
www.aaas.org/stories 


S.James Gates Ir. Ph.D. 
Theoretical physicist 
and AAAS member 
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ADVANCING SCIENCE, SERVING SOCIETY 


PATENTED FINISH. Raghunath Anant 
‘Mashelkar (above, left), director general of 
the Council of Scientific and Industrial 
Research (CSIR) in New Dethi, India, retired 
last month after an 11-year tenure, 
‘Mashelkar’s emphasis on new technology 
paid off, as the number of U.S. patents 
‘owned by CSIR rose from 42 to more than 
800, In a rare gesture, Indian Prime Minister 
Manmohan Singh (above, right) gave a 
farewell speech praising Mashelkar and 
noting that “perhaps the best is yet to come.” 
‘Mashelkar, a polymer engineer, plans to do 
research at the National Chemical Laboratory 
in Pune, india. 


TRIPLE PLAYER, Last fal, the University of 
Chicago, tong the steward of Argonne 
National Laboratory, took managerial 


responsibility for another U.S. Department 
of Energy lab: the famed Fermi National 
Accelerator 


Laboratory (Fermilab) in 
Batavia, Illinois. This 
month, Donald Levy, 
a physical chemist, 
was given the job of 
managing science at 
all three institutions. 

Levy, 67, wants 
to strengthen ties 
between Fermilab and 
the university's parti- 
cle astrophysicists as 
well as between the 
two labs. Levy says he’s reluctant to give up 
his research on jet cooling and molecular 
structure to take on the new challenge, which 
includes having the proposed International 
Linear Coltider built at Fermilab. “Had this 
job come along 20 years ago, | wouldn’t have 
‘even considered it for that reason.” 


Got a tip for this page? E-mail people@aaas.org 


PNEWSMAKERS 


DEATHS 

DEMOCRACY PIONEER. Seymour Martin 
Lipset, a sociologist and politcal scientist 
renowned for his studies of American democ- 
racy, died 31 December at age 84. The only 
person to be president of both the American 
Sociological Association and the American 
Political Science Association, Lipset taught at 
Harvard University, the University of 
California, Berkeley, and George Mason 
University in Fairfax, Virginia, and was most 
recently a senior fellow at Stanford 
University’s Hoover Institution. 

Lipset traced the peculiarities of American 
institutions back to the nation’s revolutionary 
roots and the strict Protestant religious codes 
of its founders. This contradictory heritage 
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has made Americans 
‘disobedient® and 
“more lawless” than 
citizens of many 
other countries while 
tthe same time 
‘much more moralis~ 
tic,” he told an inter- 
viewer in 1996, 
Earl Raab, 
director emeritus 
of the Nathan 
Perlmutter Institute for Jewish Advocacy 
at Brandeis University in Waltham, 
Massachusetts, and co-author of three 
books with Lipset, called him “a great 
intellect and an excellent communicator.” 


Awards >> 


ENGINEERING HONORS. Advances in information technology, biomechanics, and engineering 
education earned five scientists top honors from the U.S. National Academy of Engineering. 

Tim Berners-Lee of the Massachusetts Institute of Technology and the University of 
Southampton will receive the Charles Stark Draper Prize, a $500,000 annual award, Berners-Lee 
designed many of the most fundamental features of the World Wide Web. The Fritz ). and Dolores 
H. Russ Prize, a $500,000 biennial award, will go to Yuan-Cheng “Bert” Fung, a professor emeri- 
tusat the University of California, San Diego. Fung is known as the “father of modern biomechan- 
ics” for theories explaining such things as blood microcirculation and soft tissue response to 
trauma. And Harold S. Goldberg, Jerome E. Levy, and Arthur W. Winston of Tufts University will 
share the $500,000 annual Bernard M. Gordon prize for educational innovation for developing a 
‘multidisciptinary graduate program for “engineering leaders.” 

The prizes wil be presented on 20 February. 


JAPAN PRIZES. This year's Japan 
Prizes go to a forest conservationist 
and creators of technology essential 
for personal computers, video 
recorders, and portable music play- 
ers. The Science and Technology 
Foundation of Japan, which sponsors 
the prizes, each year creates two new 
categories in basic research for the 
$435,000 awards. 

Albert Fert (above, left) of the University of Paris-South and Peter Griinberg (above, center) of 
Germany's Research Center of Solid State Physics in Jich share the prize for Innovative Devices 
Inspired by Basic Research. In 1988, the pair independently described giant magnetoresistance 
(GMR), in which the electrical resistance of certain materials drops when a magnetic field is applied. 
GMR is used in devices requiring large-capacity hard disk drives, such as personal computers. 

Peter Shaw Ashton (above, right), professor emeritus of forestry at Harvard University, will 
receive the prize for Science and Technology of Harmonious Co-Existence for his work on tropical 
forest conservation and the development of modern forest classification systems. The awards will 
be presented in April. 
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NEUROBIOLOGY 


A Surprising Connection Between 
Memory and Imagination 


People with amnesia struggle to remember 
their past, They may also struggle to envi- 
sion their future, according to a new study 
Researchers have found that people with 
mage to the hippo- 
campus, a brain region intimately tied to 
jory, have difficulty envisionin; 


amnesia caused by di 


monplace see 


10s they might reasonably 
expect to encounter in the fisture. 


held views 
mpus and 


s challenge lon; 
about the funtion of the hippoe 
the nature of memory, says Lynn Nadel, a 


cognitive neuroscientist at the University of 
Arizona in Tucson, “The claim here is that 
me system we use to remember the 


the s 
past we also use to construct possible 
futures,” says Nadel, 


In the new study, published online this 
week by the Proceedings of the National 
Academy of Sciences, cognitive neuro- 
scientist Eleanor Maguire of University 
College Londo 
five 


ues examined 
All of them had 
severe memory deficits caused by damage 
tothe hippocampus; they had great difficulty 


and colleagi 


mnesic pa 


forming new memories and recalling events 
that happened after their inj 
healthy individuals who matched the 
patients’ ages and education levels partici- 


ies. Ten 


pated in the study as controls. 
Maguire’s team asked each subject to 


imagine and describe several ordinary experi- 


a friend or visiting a 


ences, such as me 


narket. The healthy subjects 


beach, a pub, ora 
provided rich descriptions, remarking for 
‘example on the curve of a beach. the sound of 
\waves hitting the shore, and the feel of burning 
hot sand. The amnesic patients were able 
to follow the researchers” instructions, but 
their descriptions were far less vivid. They 
described fewer objects, fewer sensory details 
such as sounds and smells, and fewer thoughts 
‘oremotions that might be evoked in the ims 
ined scenario. The patients” responses on a 
questionnaire indicated that what they saw in 
their mind's eye Were fragmented collections 
of images rather thi 

The work su 


coherent scenes. 
xests that the hippocampus 
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may hi 


many reses 
Moscovitch, a cognitive neurosci 
the University of Toronto in Canada. The 
fhe 
hippocampus is to encode new memories, 


textbook view is that the main fu 


ereatin jal memory trace that Is even- 
tually fi m 
storage. In this view, the hippocampus is not 


away to the cortex for lo 


needed to maintain or retrieve memories 
once they've been stored in the cortex. If this, 
view were correct, Maguire says, the patients 
in her study, who did not have substantial 
dam 
to construct 


to the cortex, should have been able 


naginary experiences by draw- 


The Janus center? The hippocampus (red box) may 
bbe as important for imagining the future as itis for 
remembering the past. 


ing on m rmed before their 


injuries. But their inability to integrate those 


ies into a coherent imagined scene 
sts that the hippocampus does more 
than simply record current events. 

Nadel, Moscovitch, and others have 
argued in recent years that the traditional view 
of the hippocampus’ role istoo narrow. Work 
from Moscovitch and colleagues, for exam- 


ound 
onstem cel 


Another 


ssts that the hippocampus binds 
ther elements of remembered scenes, 
to create vivid and coherent memories. 
Maguire’s findings point to a similar role in 
constructing imagined scenes, Moscovitch 


‘In order to have vivid constructions of 
st, the futur 
you always 


the pi or of im events, 


nar 


eed the hippocampus,” he says. 
The idea that thinking about the past has 
much in common with thinking about the 
future has ancient roots, says Yadin Dudai, a 
nn Institute of 
In prescientific 

ht that the role of 


neuroscientist at the Weiz 


Science in Rehovot, Israel: 


times, many people thoug! 
memory is not necessarily to remember the 
past but to enable you to imagine the future, 

In modern times, Dudai says, the notion was 
resurrected by the memory researcher Ende! 
Tulving, who speculated that the ability to 
predict the future was a major di 


ing force 
in the evolution of memory, Even so, Dudai 


says, only very recently have studies like 


Maguire's begun to provide experimental 
evidence that memory and ima nay 


share neural cireuitry 

More evidence comes from a functional 
magnetic resonance imaging study now in 
press at Newropsychologia. Cognitive 


neuroscientist Donna Addis and psycholo: 
| Daniel Schacter of Harvard University 
ed the brains of healthy volunteers 

been asked either to recall a vivid 


who ha 


memory or to envision a future experience, 
Both situations activated a similar network 


of brain regions, including the hippo- 
campus, the researchers found, 

Ifthe hippocampus does turn out to be as 
important for imagination as it is for mem- 


ory. that could have interesting implica 
for aging, Addis says. The hippocampus is 


of the first brain regions to show signs 
of deterioration as we get older, and Addis 
has recently found evidence that the ability 
to envision future experiences declines in 
parallel with memory as people 
while, Moscovitch is examining the work of 
famous artists and novelists to see whether 
the detail of their work declined in their later 
years. The picture of the hippocampus that’s 
emerging suggests yet another compromise 


facing us in old age, he suggests: “Age will 


contribute wisdom because you can dr 
a lot of past experience, but that exp. 
may not be quite as rich as it used to be 

GREG MILLER 


ence 
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SCIENTIFIC PUBLISHING 


Fossil Dealers Launch Research Journal 


One of the bi 
is publishin 
private collectors, The problem is that these 
ded, and analyses can’t be vet- 


st taboos in paleontology 


papers about fossils owned by 


fossils are 
ted if new owner slams the door shut, Last 
week, a trade association of 
commercial fossil dealers 


launched an online journal to 


provide assurances of access 
to and documentation of 
the fossils, Predictably, the 
announcement has sent rip- 
ples through the academic 


‘community 


This self-publishing of 


fossils in private hands will 


further undermine our sei 
ence,” says Mark Goodwin of 
the University of California, 
Berkeley, one of n 


tists who oppose the new ven: 
ture, But other sciemtists are 
hoping that their collabo 
tion will bring import 


skeletons out of the closet and 


raise the standards of commercial dealers. 


mens, All researchers agree that importa 
ble for study in 


rare fossils must be 
perpetuity. A fossil in a private collection 
may end up lost to science if't deteriorates or 
is sold to a secretive buyer. Many academics 


also dislike commercial collecting because 
sloppy fieldwork can damage fossil 
‘omit important contextual information. 

For those reasons, the editorial policy of 


the Society of Vertebrate Paleontology 
(SVP) commits members to publishing only 
(on fossils that are cataloged in public insti- 


tutions, Nevertheless, researchers sometime 
find themselves cast 


a furtive eye over 


important but privately owned specimens. 
“We know about this stuff, but we can’t 
say anything,” say Thomas Holtz of the 
University of Maryland, College Park, one 


of several academies who studied a 
Tyrannosaurus rex skull owned by a 
British millionaire while it was temporarily 
at the Carnegie Museum of Natural History 
in Pittsburgh, Pennsylvania. 

The founders of the new publication, the 


Out of the box. Commercial fossil dealers hope their association's 
‘ew journal will encourage the study of privately owned specimens, 
nt such as this Ijrannosourus re. 


Journal of Paleontological Sciences (JPS), 
sty they want to help bring these fossils into 
the daylight. “It’s a shame to ignore a fossil 
just because itis not in 


public repository.” 
says commercial collector Mike Triebold, 


president of the Association of Applied 
Paleontological Sciences (AAPS), the trade 
group that is publishing JPS. Some specia 


ized journals, mostly in Europe, already 
publish analyses of privately held speci- 
mens, but APS has laid down explicit 
guidelines to address the concerns of the 
munity 
asible behav 


\d to encourage 
F among dealers 
and collectors. “They really are trying hard 
to do it right,” says Kenneth Carpenter of 
the Denver Museum of Nature and Science 


scientific ¢ 
more resp 


in Colorado, one of two academics on the 
nine-member editorial board. 

The free journal will be published 
online quarterly, with plans to sell an 
annual print edition. Editorial board mem- 
ber Walter Stein, a dealer in Belle Fourche. 
South Dakota, says the goal is a self- 
journal with advertisements 


but none for fossils. A pool of 20 academics 


w submissions in which the owner 
sd to make the fossil freely avail- 
act location of 
the excavation site must be registered with 
the journal, although that information will 


remain a trade secret for 25 years, Other 
documentation, such as photographs and 
replicas, must also be supplied. 

Opponents say tha 
The pledg 


good enough 

of access by the current owner is 
ho guarantee of futur 

ability, says Goodwin: 


fact remains that the own 


retains all rights and controls 
access to the specimen,” 
Photo 


because they can’t be meas 


raphs are no substitute, 


ured accurately and can be 
faked, notes Hans-Dieter Sues 
of the National Museum of 
Natural History in Washin 
ton, DC 
fa 


“If you can’t look at 
ossil] yourself, it might as 


Well not exist. 
Some scien 


sts worry 
that publishing research 
onp 

mens could remove the 
mive for collectors to 


ately owned speci- 


donate their fossils in return 
for having them studied and 
named afier the discoverers. “In the worst 
cease, the journal might be just free propa- 
nda platform for private specimens 
and thus for raising their price,” 
Reinhold Leinfelder, director of the Berlin 
Museum of Natural History. High prices 
lead to more thefts and illegal collecting, 
says Goodwin, adding that any involvement 


in the journal by academics “undermines 
ice of paleontology and borders on 
unethical conduct.” 


Carpenter and others disagree, saying 
that the benefits of collaboration outweigh 
the risks. “Better to try to work with people 
and help guide them toward doing the right 
thing for science rather than shove them 
away and say, “We won't work with you 
unless you do everything we want," Holtz 
says, “That hasn't worked.” 

SVP isn’t likely to budge on permanent, 
maranteed access, says society vice presi- 
dent B Valkenburgh of the Univer- 
sity of California, Los Angeles. “You have 
to stick tightly to your 
doing science.” 


ns when you're 
ERIK STOKSTAD 
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MOLECULAR BIOLOGY 


Trafficking Protein Suspected in Alzheimer's Disease 


Traffic control is every bit as important for 
‘our cells as it is for our cities. 
ends up in the wrong cellular location can 
‘cause as much trouble as, sar crash in 
midtown Manhattan, Indeed, growing evi- 
dence suggests that improper protein traf 
ficking contributes to the development of 
Alzheit ase (AD) by fostering the 
production of abnormal amyloid deposits, a 
key pathological feature of the mind- 
robbing disease. A new genetic study now 
gives a boost to the idea that misdirected 
protein transport contributes to the develop- 
ment of AD, particularly in older people: 

In a Nature Genetics paper published 
online on 14 January, a multi-institutional 
teum linked a gene called SORL/ to the 
late-onset form of AD. “This gene is 
robustly associated with an increased risk 
of Alzheimer’s disease in several groups, 
the group's co-leader Peter St. ( 
Hyslop of the University of Toronto in 
Canada said at a press confer- 
ence last week. (The other co- 
leaders are Lindsay Farrer of 


Other genes have been linked to AD. 
Mutations in three of these, APP itself and 
presenilin I and -2, cause the early-onset 
form of the disease that strikes people in 
their 40s, 50s, and 60s. Most AD cases 
‘occur later in life, after age 70, however, and 
getting a handle on the genes that contribute 
to these late-onset cases has been difficult. 
Although there are many candidate genes, 
only one has been firmly established, the 
epsilon 4 variant of the APOE gene. 
involved in perhaps 30% of the eases. 

To try to find other genes for late-onset 
AD, about 4 years ago, St. George-Hyslop, 
Mayeux, Farrer, Younkin, and their col- 
leagues embarked on a large collaborative 
study involving some 41 co-authors located 
at 14 institutions. Because most f amyloid 
is produced in endosomes, membrane- 
bound vacuoles that Irinsport proteins from 
the outer cell membrane where APP is nor- 
mally located into the cell interior, the 


Boston University School of 
Medicine, Richard Mayeux of 
Columbia University’s College 
of Physicians and Surgeons in 
New York City, and Steve 
Younkin of the Mayo Clinic in 
Jacksonville, Florida.) 

The protein made by the 
gene, also known as SORLA or 
LRIT. is thought to be involved 
in regulating protein movements 
through the cell, The Nature 
Genetics results, combined with 
recent findings from other 
groups, suggest that mutations in 
SORLI lead to a decrease in its 
protein product, which in turn 
increases the risk of developing 
the disorder. When the SORL1 
protein is lacking, St. George- 
Hyslop says, the so-called amy 
loid precursor protein (APP) is, 
trafficked off to compartments in the cell 
that contain enzymes that snip out and 
release the small and highly toxic protein 
fragment known as B amyloid, Accumula- 
tion of this protein is thought to underlie 
brain neuron degeneration. If confirmed, 
the new findings should clarify the causes 
to better ways of identify- 
and possibly treating —people at risk 
of developing the disease. 
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endosome 


‘Bad move. The SORL1 protein directs APP into recycling endosomes, 
which shuttle it tothe cell membrane. But when SORL1 is absent, 
[APP goes instead tothe late endosomes, where the enzymes BACE 
and P51 snip out neurotoxic amyloid. 


researchers decided to focus on seven 
genes, including SORL!. involved in pro- 
tein shuttling in the endosomes. 

They looked for associations between 
AD and gene variations called single- 
nucleotide polymorphisms (SNPs) in peo- 
ple of varying ethnic backgrounds—about 
6800 total, divided between AD patients and 
unaffected controls. Only SNPs in SORL/ 
associated with the disease. These are only 


however. The true disease-causing 
jons have not yet been identified. 

Until they are, Mayeux say's, the researchers 
can’t get good fix on how much they con- 
tribute to AD, but he estimates they may be 


irchers do have some good ideas, 
however, about how SORLI alterations 
could lead to AD. About 2 years ago, Jan 
Lah and colleagues at Emory University in 
Atlanta, Georgia, found that brain tissue 
fiom AD patients contains less SORL | pro- 
tein than do brains of unaffected individuals, 
Since then, the Emory team and also that of 
Thomas Willnow at the Max Delbriick 
Center for Molecular Medicine in Berlin, 
Germany, have been building a case that 
SORLI protects against AD by directing 
APP away from the late endosomes, where it 
will be clipped into B amyloid. 
They've found, for example, that 
increasing SORL1 expression in neurons, 
decreases B-amyloid production, but 
decreasing the gene's expression increases 
B-amyloid production, The SORLI genet- 
ies group reports similar findings in their 
Nature Geneties paper. “The biology 
pretty compelling” in favor of the idea t 
SORLI deficiency ean increase AD su 
ptibility, says AD geneticist Rudolph 
Tanzi of Harvard's Massachusetts General 


Hospital in Boston, 

A genetic linkage between the SORL| 
pathway and AD would nail down those 
findings. “That would definitely implicate 
varcher, 


the pathway.” says another AD re 
‘Sam Sisodia of the University of C 
Mlinois. Still, he and others, 
St. George-Hyslop and the other team 
‘members, say that the results need to be con- 
firmed. In unpublished work deseribed 
meetings, Tanzi and his colleagues found a 
weak link between SORL! and early-onset 
AD but no link to the late-onset form. 
Such discrepancies are common in 
‘attempts to find 
have multiple causes. But as Farrer pointed out 
atthe press conference, finding the linkage in 
four distinct ethnic groups—persons of Euro- 
pean descent, African Americans, Caribbean 
Hispanics, and Israeli Arabs—xgives them 
confidence. That, Farrer says, “was unex- 
pected and highly unlikely to be due to 
chance.” Tanzi, too. is optimistic that the result 
«will hold up. “When everything is said and 
done.” he predicts, “I think [SORL/] will be 
added to the list” of AD genes, -JEAN MARX 
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STEM CELL DEBATE 


Scientists Protest ‘Misrepresentation’ 
As Senate Vote Looms 


Several leading scientists are charging that 
the White House has misrepresented their 
research in an attempt to influence the 0 
ing stem cell debate in Congress. 

‘On 1 January, the U.S. House of Rep- 
resentatives voted overwhelmingly to 
expand the number of human embryonic 
stem (ES) cell lines available to federally 
funded researchers. The bill. 


gnated 
H.R, 3 and considered a top priority in the 
new Democrat-controlled Congress, 
passed 253 to 174—a significant jump in 
support from May 2005 when the same bill 
passed by 238 to 194. But it still falls more 
than 30 votes short of the two-thirds 
needed to override a presidential veto. 
With the Senate expected to vote on the 
same measure next month, the stage is set 
for a replay of the veto dealt by President 
George W. Bush last July. The White House 
has rebuffed attempts by the bill’s sponsors 
to meet with the president, and it’s fight 
hard to east the debate in its own terms. 
As part of that effort, the Whit 
Domestic Policy Council issued a new 
report on 10 January to promote methods of 
getting stem cells that don’t harm embryos. 
The report, Advancing Stem Cell Science 
Without Destroying Human Life. sug: 


House 


lines. It repeatedly mentions a new study 
by scientists at Wake Forest University in 


Winston-Salem, North Carolina, who 
reported in the January issue of Nature 
Biotechnology that stem cells found 
human amniotic fluid have many of the same 
qualities as ES 12J 
p. 170). The White House repo 
adult ste 
potent 
quate to treat 
conditions for which ES cells have been held 
ups the great hope. Also put forth are poten- 
tial akemative sources for pluripotent ES-like 
cells, advanced in the past by the President's 
Council on Bioethics, which include the possi- 
bility of geting viable cells from dead embryos 
or through somatic cell “de-differentiation” 
Scientists have already reacted strongly 
to some of the material in the report. Three 
Harvard stem cell researchers—Kevin 
Eggan, Chad Cowan, and Douglas Melton 
‘wrote to the sponsors of H.R. 3 complaining 
of the “clear misrepresentation of our work’ 
in the document, which heavily cites E 
and Cowan. “We are surprised to see our 
work on reprogramming adult stem cells 
used fo support arguments that research 
involving human embryonic stem 
unnecessary,” they wrote. “Our work 
directly involves the use of human embry- 
onic stem cells ... [and] is precisely the type 
of research that is currently being harmed 
by” the president's poli 
Anthony Atala, lead author of the am 
cell paper, also feels that his work is > 


cells is 
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Construction of a portion of israel's defense 
barrier is on hold, Amid several lawsuits as 
well as pressure from environmental activists 
‘and prominent ecologists, israeli Defense 
‘Minister Amir Peretz announced last week that 
he will hold up work on the 300-km separation. 
fence into the southeastern Judean Desert 
Work on this section, which includes ecologi 
cally sensitive territory, began in December, 

Tel Aviv University zoologist Yoram Yor 
Tov wants the government to build a chainlink 
fence that would allow small animals to pass 
through what in most places is an 8-meter 
high cement barrier. He also says a well: 
considered route could protect the movement 
of ibex, wolves, and other animals in the area. 

ELI KINTISCH 


Three's a Crowd Pleaser 


Researchers stand to benefit from a new coop. 
erative agreement signed last week by the sc: 
‘ence ministries of China, Japan, and South 
Korea. Scientists in the three countries have 
long shared personal connections, but off 
cials hope the new agreement will foster joint 
work on the environment, epidemic disease 
disaster prevention, Oriental medicine, and 
new sources of energy. In March, experts will 
gather in Tokyo to discuss environmental and 
energy research. The initiative is part of 
efforts by Japanese Prime Minister Shinzo Abe 
to improve relations with regional neighbors, 
DENNIS NORMILE 


Saving Superfreaks 

The Zoological Society of London announced a 
$975,000 conservation campaign this week to 
focus on endangered mammals that are evo 
lutionarily distinct. Researchers have come up 
with a priority list both by analyzing the status 
of endangered animals and by creating 
“supertree” of evolutionary relationships, to 
be published shortly in Nature. 

Topping the list of 100 species is the 
Yangtze River dolphin, which is near extinc 
tion (Science, 22 December 2006, p. 1860), 
followed by the long-beaked echidna. Lead 
Scientist Jonathan Bailie says there were also 
some surprises: Number three is a riverine 
rabbit of South Africa's Karoo Desert. In ad 
tion to expanded efforts to study and protect 
animals and habitat, the society plans to 
sponsor 10 research fellows in countries 
where the endangered mammals lve. 

ERIK STOKSTAD 
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being misinterpreted. Opponents of H.R. 3 
have seized upon the report, which appeared 
con the eve of the House debate, and are cit- 
ing itas further evidence that noncontrover- 
sial cell types can substitute for ES cells. 
Atala wrote a letter to the bill's sponsors 
emphasizing that that is not the ease. 

More friction may be in store: According 
to The Wall Street Journal, presidential 
aides are drafting a possible executive onder 
favoring alternative sources, although a 
White House spokesperson says they have 


REGULATORY SCIENCE 


nothing to announce at present. 

The focus of the debate now turns to the 
Senate. which passed the same bill (now 
labeled S. 5) in the last Congress by a vote of 
63 to 37, Many estimates put the count at 
66 in favor—one vote short of a veto ove 
ride. But the bill’ advocates think there might 
bea chance of avoiding a veto, because Sen- 
ate rules will allow for amendments. Certain 
changes could make the bill more palatable 
the president—such as adding provisions for 
more ethical oversight am to promote 


embryo adoption; or even a new. 
line for cells that are eligible 
funding. (Currently, cells have to have been 
derived by 9 August 2001 to qualify.) 

Still, many see another veto as the likely 
outcome. But stem cell advocates are con- 
vinced that public opinion is increasingly 
‘on their side, “This is an issue that will not 
go away.” says one of the bill's sponsors, 
Representative Diana DeGette (D-CO). 
Until it becomes law, “we intend to intro- 
duce it over and over.” ~CONSTANCE HOLDEN 


Panel Pans Proposed Change in U.S. Risk Assessment 


Government regulators and toxicologists 
with private industry are assessing the 
impact of an unusual rebuke last week by 
an expert panel of a White House 
proposal to change how the 
U.S. government practices risk 
assessment. The expert panel, 
which called the proposal “Funda- 
mentally flawed," urged the White 
House to foc! ‘goalsand gen- 
eral principles” and to leave the 
details of risk assessment to agen= 
ccies with more expertise. 

The proposal, issued in Janu- 
ary 2006 by the White House 
Office of Management and Bud- 
get (OMB), laid out technical 
guidelines for estimating risks 
posed by anything from toxic 
chemicals to large engineering 
projects. Among other things, the 
uidelines called on agencies to 
calculate and disclose the une 
tainties surrounding their risk 
estimates. Agencies shouldn't just 
ereate a “Worst-case” estimate, it said, but 
also prepare a “central or expected estimate.” 

That approach is often unrealistic, says a 
panel of the National Academies’ National 
Research Council (NRC) asked to review the 
proposed guidelines, A major reason it’s not 
feasible, say public health officials, is because 
the data required to calculate such values may 
not exist. “The OMB is looking for a Cadillac 
of risk assessment.” says Gary Ginsberg. a 
toxicologist with the Connecticut Department 
of Public Health, “A lot of the time, we're 
lucky if we have something that moves.” 

The dispute highlights one of the most 
difficult issues in risk assessment: what to do 
When there are no data showing, for instance, 
how many people became ill after exposure 
toa particular chemical. “For a few chemi- 
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cals, you can do this.” says Joseph Rodricks, 
a former US. Food and Drug Administration 
official now with the consulting firm 


4 


More than a drop. Billions of dollars are at stake in setting limits for 
exposure to chemicals, such as perchlorate in drinking water. 


ENVIRON International Corp. in Arlingto 
Virginia, “But most of the time, you can’ 
Rodricks points to the example 
lamide, a chemical used to manufacture 
dyes. Animals exposed to this chemical 
have developed cancer, but studies of work- 
ers at factories where acrylamide is used 
haven't found similar effects. With no solid 
data from humans to go on, the Environ- 
mental Protection Agency (EPA) assumes 
that animal studies do reflect human biol- 
ogy and, as a result, regulates acrylamide as 
a substance that can cause cancer. 
‘Such assumptions play a critical role in 
risk assessment, says Rodricks, a member 
of the NRC review panel. “You have to do 
something rather than nothing.” he say 
The OMB’ proposed guidelines, however, 


didn’t provide any guidance to agencies on 
how to cope with an absence of data, 

Many critics, including industry groups, 
have faulted EPA for sometimes relying on 
‘worst-case assumptions in reviewing sub- 
stances such as perchlorate, a chemical used 
in rocket fuel that’s been found in drinking 
‘water supplies. “I think the OMB was trying 
topushagenciesin the direction of being pet- 
haps less conservative, or more realistic, 
about risks.” says Rodricks. 

But the actual result of implementing 
OMB's demand for more and better data, 
according to some critics of the proposal, 
would be regulatory paralysis. “It would 
give industry lots of tools for slowing down 
the process.” says Renee Sharp, an analyst 
in the Oakland, ifornia, office of the 
Environmental Working Group. 

In response to the NRC's report, the 
White House announced last week that it 
will reconsider its proposal, “We will not 
finalize it in its current form.” said Steven 
Aitken, acting administrator of the 
OMB office that issued the guidelines, 

In the future, many hope that new s 
tific advances will begin to fill in the data 
gaps about effects on human health, Among 
the new techniques are detailed studies of 
the biology of human cells, or examination 
of chemical effects on arrays of DNA, NRC 
has convened another expert panel to evalu- 
ate how these and other techniques might 
improve EPA's risk analysi 

‘Such new approaches can raise as many 
questions as they answer, Rodricks adm 
“You can find all kinds of effects to chemi- 
cal exposures” once you start looking for 
them, he says. The hard part is translating 
these observations into useful guidance on 
the chemical’s potential harm to humans. 

DANIEL CHARLES 
Daniel Charles is freetance witer in Washington, 0.C 
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SCIENTIFIC MISCONDUCT 


Former Hwang Colleague Faked 
Monkey Data, U.S. Says 


Another Korean cloning repereussion 
sounded last week: A former member of 
Woo Suk Hwang's research team has been 
sanctioned by the Office of Research 
Integrity (ORI) of the U.S. Public Health 
Service for faking figures in a paper on 
monkey cloning being prepared at the Uni- 
versity of Pittsburgh in Pennsylvania, 

Jong Hyuk Park, who was a postdoc in 
the lab of Pittsburgh researcher Gerald 


Schatten, has been barred for 3 years from 
any relationships with U.S. agencies. The 
university began investigating the monkey 
‘work in January 2006, after Schatten alerted 
off id the 
paper was never submitted. 

Schatten has not talked to the press for 


ials to possible irregularities, 


more than a year, but university spokes- 
person Lisa Rossi says that, despite the 
fraud, the research team 


is confident th: 


it sue- 
ceeded in cloning rhesus 
monkey embryos and 
generating pluripotent 
embryonic stem (ES) cell 
lines from them. The team 
is repeating the experi 


ments before submitting 
the paper. Don Wolf of 
the Oregon National Pri- 
mate Research Center in 
Beaverton says he has 
“lite doubt that itis pos 
sible” that Schatten has 
derived ES cells from 
ed monkey embryos. 
as Schatten reported at a 
meeting in Toronto Last 
March, but says he will 
“withhold judgment 

Park was a postdoc at 
Magee-Women’s Research 
Institute in Pittsbu 
from August 2004 to 
February 2006. The uni- 
versity concluded last April that he had 
committed misconduct and referred the 
case to ORI, which published its finding in 
the Federal Register on 9 January. Accord- 
ing to the ORI notice, Park “repeatedly 
misrepresented” the accuracy of one of the 
figures in the paper to the Pittsburgh 
investigative panel, “presented false fig 
ures as true,” and “falsified the record of 


in Seoul last year. 


Facing the music. jong Hyuk Park arriving 


revisions of the figures by deleting all 
prior versions from the laboratory serve 
ORI says the research, funded by the 
National Institutes of Health, was to be 
submitted to Nature in a paper entitled 
“Rhesus Embryonic Stem Cells Estab- 
lished by Nuclear Transfer: Tetraploid 
ESCs Differ from Fertilized Ones. 


ted, But Park used photographs 
1¢ of them as representing all thre 
“This is not a huge case of misconduct, to be 
honest; much of the dama 
cover-up.” says E 

Park, before coming to Pittsburgh, was on, 
Hwan Seoul, w 


from 


e was in the 


*S team e he was a 


co-author of two papers, 
published in Science 
2004 and 2005, that were 
seted. AY Ja 
statement from Pittsby 


ther papers € 
authored by Dr. Park also 
have been retracted,” but 
‘no information was avail- 


blow to Schatten, whose 
collaboration with Hv 
led to his being found 
guilty of “research mi 
behavior” by his univer- 
sity in February 2006. 
Although the panel found 
no evidence that Schatten 
falsified data or was awat 
of any fraud, it said he 
failed to exercise “a sult 
tly critical perspec 
tive” in ensuring that 
the 2005 Science paper 
was sound (Science, 
17 February 2006, p. 928). 

Although Korean prosecutors said Park 
was involved in fabrication of data for the 
2004 Hwang paper, he was not one of the 
six researchers indicted on misconduct 
charges last May in Seoul. ORI does not 
know the current whereabouts of Park. 
who returned to Seoul to talk to prosecu- 
tors last February, ~CONSTANCE HOLDEN 
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The Demise of the Eyes 
In the Skies 


The U.S. satellite sensors monitoring a rapidly 
changing planet Earth will inevitably shut 
down in coming years as orbits and equipment 
eclne. But neither NASA nor the National 
Oceanic and Almospheric Administration has 
plans to replace enough of them to avoid a 
collapse of the U.S. observing system, warned 
‘3 committee of the National Academies’ 
National Research Council this week. 

“Things have gone downbill” since a 
2005 interim report that issued a similar 
warning, says committee co-chair Berrien 
Moore of the University of New Hampshire, 
Durham, citing the government's recent 
decision to remove climate sensors from 
the National Polar-Orbiting Operational 
Environmental Satellite System (NPOESS) 
mmission. A NPOESS test satellite is scheduled 
for launch in 2009, 

The committee's solution to the federal 
belt-tightening is 17 missions between 2010 
and 2020, at a cost of $3 billion per year. 
“These are affordable numbers” in tine with 
1990s annwal budgets for Earth observation, 
says co-chair Richard Anthes of the University 
Cosporation for Atmospheric Research in 
Boulder, Colorado, The White House told 
The New York Times that space observations 
remain a top priority 


U.K. Takes Eggstra Time 

The U.K.’s Human Fertilisation and Embryology 
‘Authority (HFEA) wil hold a public “consulta 
tion” before deciding whether to license scien 
tists who want to create research embryos by 
putting human DNA into cow eggs. 

Several scientists have applied to use the 
procedure to generate new lines of human 
‘embryonic stem cells, but in December, a 
government report advised banning such 
research, atleast until new regulatory legis: 
lation is passed (Science, 12 January, p. 173). 
Stem cell scientists were worried that HFEA 
would decide against the applications, But 
HEEA chief Angela McNab says “we have a 
duty to judge this work under the current 
lan.” She says the applications will be taken 
up in the fall 

“The very encouraging thing is the HFEA 
didn’t kowtow to government pressure,” says 
Stephen Minger of King's College London, 
one of those who has applied to do the 
con-2gg research. But “we're obviously dis 
appointed” at the delay, he adds. 


CONSTANCE HOLDEN 
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Astrobiology Fights for Its Life 


A decade after NASA pledged to create a robust program to find and understand life in the universe, 
researchers face a debilitating budget crunch and skepticism within their own agency 


THESE SHOULD BE HEADY TIMES FOR 
astrobiologists. Reports of recent liquid 
‘water on Mars and organic matter in the far 
signal that the 
discipline, which seeks to under- 
stand the nature of life in the universe, is 
coming of age. Add an expanding roster of 
newly discovered extrasolar planets and 
imples of life flourishing in extreme envi- 
ronments on Earth—amid the high ultra~ 
violet of the Andes, in Australian radioactive 
springs, and in granite formations deep 
underground—and the research challenges 
seem boundless, “The field is not only 
promising,” says Steven D'Hondt, an oct 
ographer at the University of Rhode Istand, 
Kingston, who studies microbial life deep in 
‘ocean sediment. “It is productive and 
extremely successful 

But don’t ask D* Hondt how astrobiology 
is faring in his lab, He is turning away 
prospective graduate students because his 
support from NASA has dried up. D'Hondt's 
F tales to tell. The; 
serambling to find funds from other sources 
to cope with a 50% cut over the past 2 years 
in NASA’ support for astrobio! 
‘We're in dark times now for 
says Michael Mey 
for astrobiolog 


reaches of the solar syste 
fledgtli 


colleagues have si 


former senior sci 


tist on Mars exploration, Researchers are 
fraid that the field may go the way of the 
agency's life and materials science effort, a 
once-robust $1 billion program now virtually 
extinct as more pressing needs in the human 
space flight program have siphoned off funds. 
Those fears grew stronger last summer when 
NASA Administrator Michael Griffin told the 
Mars Society that astrobiology is marginal to 


the ageney’s mission. The fiscal downturn has 
meant staff cuts at the program's centerpiee 
the decade-old NASA Astrobiology Institute 
(NAL at NASA's Ames Research Center, on 
the edge of Silicon Valley in Mountain View 
California, and less money for the outside 
scientists it supports 

New, politically savvy leaders in place at 
Ames, NAI, and NASA headquarters have 
high hopes that they can make a better case 


Log 


as \ ri. 


‘Astrobionauts. Scott Hubbard (left) helped recruit 
Baruch Blumberg to beet up NAI's research program. 


for astrobiology within the space agency and. 
outside. And the new Congress, which 
includes a more powerful California dele; 
tion, is expected to go to bat for the field in 
upcoming budget battles with the White 
House. “We're going to emerge from this in 
an even stronger position,” insists Carl 
Pilcher, the new NAI director. But others 
aren't so sanguine. “I feel a pang in my stom- 
ach” says Kenneth Nealson,a biologist at the 
University of Wisconsin, Madison, “Survival 
is going to be tough; 


Life mission 
NASA has spent a half-century looking for 
life beyond Earth, For most of that time, how- 


ever, the exercise was an afterthought to the 
That mo 
change in the mid-1990s, the same time 
NASA’ sprawling Ames center—founded 
on the eve of World War II to promote aei 


n focus on space exploration. 
est effort underwent a dramatic 


nautical research—appeared to be on the 
verg A team of senior NASA 
officials proposed a makeover for Ames that 
would draw upon its existing small programs. 
in exobiology, the life sciences, and comput- 
mputin; 
and what was termed astrobiology, The idea 
wowed then-NASA chief Daniel Goldin, 


of closure, 


ing to focus on two core missions: ¢ 


who was eager to link up with the explodi 


biological revolution. 


The makeover got a boost when scientists 
announced in 1996 that they had detected evi- 
dence of fossilized life in a martian meteorite 
found in Antarctica, With the backing of 
then-Vice President Al Gore, Goldin folded 
NAland astrobiology fundingasa whole intoa 
larger package that included several ambitious 
Mars missions. He forecast a $100-million- 
a-year budget line for astrobiology that would 


help biologists, astronomers, 


ologists 


chemists, and other researchers probe the 
nature of life on Earth and throughout the uni- 
verse, His vision had its critics—particularly 
among biologists —Wwho groused that NASA 
‘was using the hype over the martian meteorite 
to jump on the biology bandwagon. But those 
concerns were given little credence by a White 
House, Congress, and NASA leadership 
{intent on pursuing a field that had captured the 
public’ imagination 
Befitting its nontraditional subject, the 
new NAL was designed to be a nontraditional 
institute, Its research, done by collabora- 
tive teams from universities outside the 
institute, would focus on the existence of 
habitable planets 
solar system, the origins of life on early 
Earth, the limits of terrestrial i 


1d moons within the 


tures of life on extrasolar planets, Instead of 
having a large staff housed in one location, 
NAL would function as a “virtual” institute, 
‘employing a few civil servants who would 


grow a cadre of experienced scientists work- 
ing arm in arm with NASA engineers to plan 
future missions, “We knew that if we didn't 
keep a connection to missions, this thing 


Hi 000.099 a foun Bilogy 
Wi se arctic mttate 
50. Bh retumert Ceveioamert 


Pare: bportce 


2v'96 F979 FY'95 FY'90 


Fy'o. 
Year 


NEWSFOCUS L 


‘07 
(ea) 


Downward spiral. NASA's increased focus on human exploration has meant less money for astrobiology 


within an already tight science budget. 


would look ike NSF [the National Science 
Foundation}, and someone would challenge 
its existence.” says physicist G. Scott Hubbard, 
NAT's founding di later chief of 
Ames itself. He and others envisioned NAL 
pursuing basic research while also taking a 
lead role in proposing astrobiology 
ments that could fly on spacecraft 

In 1998, after a stiff competition, NAL 
picked 1 university teams to ree 


str 


Blumberg, a Nobelist in medicine from Fox 
Chase Cancer Center in Philadelphia, Pe 
sylvaniat, who played a critical role in devel- 
for hepatitis B. The appoint- 
ment satisfied Goldin’ demand to Hubbard 
to find “a King Kong biologist” who would 
provide NAI with instant biological gravitas 
But that gravitas came at a price: Blum- 
berg had no experience with NASA or space 
projects. “My understanding was that this 
was to be a basic science institute, and the 
teams were selected and funded on that 


Seeing red. The NASA Astrobiology Institute is 
making 3 small contribution to the planned Mars 
‘Science Laboratory but has litle role in other NASA 


efforts to seach for estraerrstrial 
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basis,” Blumberg recalls. “Scientists were 
tziven broad direction” to pursue a host of top- 
ics. And so they did, with projects on ever 
thing from chemical evolution in the inter- 
stellar medium to biosynthetic pathways in 
living cells. The work was intended to lay the 
foundation for seeking signatures of life, says 
Blumberg, an approach that he calls 
mission-oriented.” 

‘When Blumberg retumed to Fox Chase in 
2002, astrobiology at NASA appeared to be 
thriving. The institute's original $4 million 
annual budget had grown to $25 million, the 
number of NAL teams stood at 16, and some 
15% of the 150 senior scientists on those 
teams were members of the U.S, National 
Academy of Sciences. NASA was also 
spending considerable sums on technologies 
to monitor life on other planets and for tradi- 
tional exobiology, which focuses on prebiotic 
‘conditions for life in the universe 

But astrobiology’s apparent good health 
proved illusory. The gulf between NAI and 
the engineers who traditionally run NASA 
began to widen as the institute's work 
diverged from the agency's mission pipeline. 
“Engineers know what they're going to build, 
while basic scientists don’t know what they 
are going to find," acknowledges Blumberg 
Although many seientists associated with the 
institute worked on missions to Mars and 


ery 


Distance learning. Ames biologist Lynn Rothschild 
hunts for extremophiles in an Australian pond. 


at the table when the relevant instruments 
\were chosen. Without their participation, NAT 
had little direct impact on planning missions. 
And missions are at the heart of NASAS 
son for being. Several university scientists 
and NASA insiders give Blumberg credit for 
establishing an excellent research program, 
but they believe that his failure to pursue a 
solid role in future missions became the insti- 
tute’s Achilles’ heel, 

Others note that Blumberg and his s 
sor labored under tough constraints. Space 
craft projects can take a decade or two to com- 
plete, and the cost and technology needed to 
build specific instruments far exceed the 
means of a $60-million=i-year institute. Such 
instruments typically require the technical and 


itive, S-year grants hampers long-range plan- 


ning. And government regulations preclude 


the teams from bidding on new NASA proj- 
ects because they are already collaborating 
with the agency. Their diversity would also 
make it virally impossible to settle on 
gle instrument, notes Bruce Runnegar, a Uni- 
versity of California, Los Angeles, paleontol- 
gist who served as a team member and then 
succeeded Blumberg. 

‘Over time, NAI’s portfolio veered notice- 
ably toward the study of extremophiles, That 
unintended shifi—driven perhaps by the high 
quality of proposals it received in that area, 
say Scientists—was a boon to researchers, 
‘who canvassed the globe to examine life that 
could live off radioactivity from rocks in deep 
mines, metabolize in subzero temperatures, 
or thrive in highly alkaline or highly acidic 
environments, “If you are looking for life on 
Mars, Europa, or the outer planets, you have 
to look at other kinds of energy sources.” siys 
Andrew Knoll, a Harvard University paleo- 
biologist who led one of the teams whose 
work w kes work on 
organisms in mines on Earth relevant to the 
search for subsurface life on Mars, he notes, 

But the emphasis on extremophiles also 
widened the gap between the institute and 
NASA's core mission, NASA continued to 
develop, launch, and gather data on missions 


other astrobiology-related flight projects, 
NALand its team members did not have a seat 


space corporation 


It Rains in Spain and Wilts in Australia 


In a gleaming steel-and-glass building in Madrid surrounded by mani- 
cured lawns, dozens of Spanish researchers are probing the hows, 
wheres, and whys of life in the universe. With an annual budget 
approaching $3 million, Spain's Centro de Astrobiologia is thriving. 
Interdisciplinary teams of scientists, engineers, and lab technicians are 
‘working on a sophisticated laser that could sample elements in martian 
soil as early as 2013, developing a drill system for detecting organisms 
under the Red Planet's surface later in that decade, and simulating in 
their Labs Earth’s early conditions. Each project includes European or 
‘American researchers from a host of institutions. 

The center's happy buzz of activity stands in stark contrast to the 
angst felt by its U.S. cousin, the NASA Astrobiology Institute (NA) (ee 
main tex). Ironically, the creation of NAl spurred Spanish researchers to 
start their own institute in 1999. Construction grants from the European 
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or large re 
sity. Having its roster of scientists on compet- 


to Mars, asteroids, Jupiter, and Saturn that 
provided exciting data on the exist 


Union and the Spanish government provided a $20 million showcase 
for astrobiology, and the defense and education and science min 
{stries—along with the regional government of Madrid—supply a 
steady stream of operating funds, “We are independent and have suffi 
Gent funds,” says Director Juan-Pérez Mercader, ticking off a long lst of 
ongoing projects. Although its budget and staff are a fraction of the size 
‘of NA and its university teams, the Madrid center is linked both to basic 
research in the lab and to specific European Space Agency missions, 
such as the ExoMars orbiter and rover planned for launch in 2013. 

The same cannot be said for the 4-year-old Australian Centre for Astro- 
biology at Macquarie University in Sydney. The Australian institute also 
was a beneficiary of the U.S. decision to develop the field. “We had a lot 
‘of encouragement from NAI and [its director] Baruch Blumberg,” says 
Director Malcolm Walter. With five scientists, 10 graduate students, and 
‘an annual budget of $1 million, the Australian center focuses primarily on 
‘extremophile research. But a proposed 40% cut in government funding, 
which Walter sees asa direct result ofthe NASA cuts, is likely to mean lay: 
offs. “When the U.S. sneezes, we get a cold,” he says 

‘Some U.S. scientists worry that the Europeans are moving into astro- 
biology’s driver seat. “The center of gravity will shift to Europe, and we'll 
lose leadership, predicts Lynn Rothschild, a biologist at NASA Ames 
Research Center in Mountain View, California. Indeed, younger 
researchers may want to book a flight to Madrid. Spain's center has just 
‘announced plans for a graduate student program, and as Mercader makes 
clear, “its open to anyone who wants to come.” ~AL. 
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water and other conditions that might be 
favorable to life elsewhere. At the same time, 
astronomers using both space-based and 


‘opes detected extrasolar 
2 frequi 

However, none of these missions —most 
of which were well under way when the insti 
tute was formed—include specific instru- 
ments designed to test for life. That makes it 
hard to judge NAI’s impact over the past 
decade. “What credit can the NAL take? I 
don’t have a good quantitative answer.” says 
Bruce Jakosky, a planetary scientist at the 
University of Colorado, Boulder, and long 
time advocate of the field. And with the 
‘exception of a contribution to the future Mars 
Science Laboratory slated fora 2009 launch, 
the NASA astrobiology effort is not directly 
involved in upcoming missions, The Terres- 
trial Planet Finder, a good candidate for pick- 
ing up biological signals from extrasolar 
planets, has been put on indefinite hold, as 
has a proposed Astrobiok 1d Lab to 
Mars that could probe beneath the planet’s 
surface for hidden microbes. 

Its ambi x astro- 
biology tremendously vulnerable as NASA 
attempts to finish the space station, build a 


us contribu 


new launcher, 
on the moon. 
increases. Whereas space and earth sciences 
have formidable political allies, astrobiology 
so far has proved too small, too seattered, and 
too new to fight off budget threats. Griffin 


ind set up a base for humans 
all without significant budget 


has proposed cutting astrobiology funding in 
2007 to half of its 2005 level, and NAL has 
repeatedly delayed its next team competition. 
Without a new round of winners, there will be 
ams left by 2008. 

‘That decline runs counter to the conclu- 
sions of a May report from the National 
Academies’ National Research Council that 
called astrobiology “an outstanding example 
of the development of a successful new inter- 


no 


and recommended contin- 
ued robust funding, However, Griffin says 
that it’s not his job to nurture a fledgling field 
that won't help him put humans on the moon. 
Asked at an August meeting of the Mars Soci- 
‘ety about the impact of the cuts on astrobiol- 
ogy students, he retorted that “if they want to 
\ork for government money. they must look 
at what the government wants—not what they 
think it should want.” 


disciplinary a 


New life 

Despite Griffin's skepticism, some scientists 
expect astrobiology to survive and prosper. 
Last fall, John Rummel took over as astro- 
biology chief at NASA headquarters. A 
biologist with a strong affinity for the human 


space program, Rummel isa respected 
agency insider. At the same time, Pilcher, a 
longtime NASA headquarters official, took 
over as the institute's fourth director. And his 
bossis Simon P. “Pete” Worden (see followin 
story), who has big plans for Ames. 
Rummel and Pilcher confront a worried 
batch of researchers as well as a shrinkit 
pool of graduate students. “Plenty of people 
are getting fed up with the lack of proposals 
funded” says Kevin Hand, a graduate student 
at Stanford University in Palo Alto, Califor- 
nia. “People are doing other things ancillary 
to astrobiology.” he notes, while they wait for 
NASA to pump more money back into the 
effort. And some researchers such as Nealson, 
are skeptical that the program can be redi- 


rected to ma 
focused NASA. 


¢ it more relevant to explo- 


There is a chance C 
the rescue, Whereas R 


\gress may come to 
slators 
c 
W. Bush's push for a new launcher 
human exploration of the moon, Democrats 
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have spoken out against raiding the science 
budget to pay for those projects. And some 
members of the overwhelmingly Democt 
tic California delegation—including Repre- 
sentative Anna Eshoo (D-CA), who repre: 
sents the area around Ames and is a 
ally of new House Speaker Naney Pelosi 
(D-CA)—are aware and concerned about 
the fate of astrobiology 
In the meantime, scientists soldier on. 
Thanks to an NSF grant, D'Hondt traveled to 
the South Pacific last month to study deep-sea 
microbes, But he is worried that the NASA 
‘cuts may inflict long-term damage tothe field, 
‘We won't be able to produce the scientists 
needed for future space missions,” he wams 
Not everyone is so pessimistic, Even if the 
inst of the current 
budgetary storm, many scientists think that 
the field will survive. “Given the incredible 
nature of the questions posed by astrobiol- 
ogy.” says Hand, “Tid be doing this if Thad 10 
pick up dimes from the street." 
ANDREW LAWLER 


te becomes a vi 


‘Ames’ for the 


To Simon P. “Pete” Worden, NASA's A\ 
Research Center in Silicon Valley seemed like 
the perfect beachhead from which to launch a 
retrograde campaign for a new generation of 
smaller, cheaper. faster scientific spacecraft 
But the maverick astronomer and retired 
US. Air Force general had barely arrived as 
the center's director last May when he 
encountered unexpected fi 
The first blow was the transfer of responsi 
bility for developing lunar robotic orbiters and 
landers—the centers key piece in US. Presi 
dent George W. Bush’s human exploration 
effort announced 3 years ago—from Ames to 
Marshall Space Flight Center in Huntsville, 
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Mogh and Beyo 


The oa of 
sell NASA 0 


mes Research Center Mapes to 
some of his unco 


Alabama, Weeks later, Ames lost another 
project when NASA headquarters decided 
that the rival Dryden Flight Centerin southern 
California was better able to hold down the 
cost of readying the Stratospheric Observa- 
tory for Infrared Astronomy for flight later 
this decade. By the end of the summ 
Worden’s superiors shot down his bold pro- 
posal to incorporate smaller and cheaper 
probes into the fleet set to explore the lunar 
surface early in the next decade, 

Those three early setbacks haven't 
deterred Worden, a self-proclaimed NASA 
basher who jokes that the agency's initials, 
stand for “Never a Straight Answer” Instead, 
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Worden remains bent on radical chang 
the troubled lab. Ames and its famous neig 
bor, Google, last month agreed to an innova- 
haring deal that will make 

archives of Earth and 
space data accessible to the public. The deal 
‘could pave the way for Google Moon to join 
‘Google Earth and Google Mars, And Worden 
ha n up on smaller, faster, and 
cheaper: He has wrangled $10 million from 
his bosses to begin thinking about small 
spacecraft that could journey to asteroids and 
the outer solar system as well as the moon, 
He hopes to scale up the program once 
there's more money for such activities, In the 
meantime, he’s pursuing contraets from 
other federal agencies to help the center's, 
2300-strong workforce weather the current 
NASA budget crisis. 

True mavericks are rareamong the govern- 
ment’s colorless cadres of generals and civil- 
ian bureaucrats. But the 37-year-old Worden, 
\who earned an astronomy doctorate from the 
University of Arizona, Tueson, hasa history of 
bucking conventional wisdom regardless of 
its effect on his career. In the 1980s, he was an 
early advocate of President Ronald Reagan's 
Strategic Defense Initiative, an unpopular 
stance that earned him the sobriquet of Darth 
Vader in space circles. As a White House 
staffer under Reagan's President 
George H. W, Bush, Worden helped engineer 
the ouster of NASA chief Richard Truly and 
his replacement by Daniel Goldin, who touted 
the smaller, faster. cheaper approach. He then 
led a tight-knit group of Defense Department 
officials that applied the philosophy to the 
successful 1994 Clementine mission to the 
moon, finding hints of ice at the lunar poles 
and thoroughly embarrassing NASA and its, 
fleet of large, costly spacecraft. 

After the 9/1 terroristattacks, Worden did 
a brief and controversial stint as chief of the 
Pentagon's OMT ie Influence, set 
up to place stories favorable to the United 
States in foreign media and on the Internet. 
But then-Defense Seeretary Donald Rums- 
feld shut it down afier the office came to be 
seen as simply a propaganda vehicle for the 
Bush Administration. 

Worden’s unconventional ideas often 
make his superiors nervous—he served for 
more than a decade as a full colonel before 
winning his first star. The debacle with 
Rumsfeld squashed further chances for pro- 
motions, so after working briefly for Senator 
Sam Brownback (R-KS), Worden left the 
military in 2004 to join the University of Ari- 
zona.as.a research professor. He lost out to his 
less-controversial civilian friend Michael 
Griffin when Sean O'Keefe stepped down as 


for 
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NASA administrator. As for the Ames 
appointment, mutual acquaintances say Grif 
fin is eager for Worden’s help in promoting 
the president's new exploration vision but 
cchose to keep him far outside the fishbowl of 
Washington polities. 
Worden spoke recently with Science about 
his setbacks, plans, and vision for the center, 
ANDREW LAWLER 


‘On budget cuts to life sciences and 
astrobiology: 

The agency has been given certain priorities 
and missions by Congress and the president 
Astrobiology—not that it isn’t superb sc 
tence—has a lower priority. But there is non- 
NASA funding—the private sector, other 
government agencies —and we are aggres- 
sively pursuing those options. Is it easy? No. 
Itis much like what happens at a university. 1 
spent the last 2 years as research faculty at 
Arizona. I didn’t have a tenured position, and 
you did the work you needed to do. I'ma sci- 
centist. IFT were king, Fd double the science 
budgets. I think scientific exploration of the 
solar system and the universe is really excit- 
ing and a key area of our future, Ti love to 
spend two-thirds of the defense budget on sci- 
cence if I could get away with it 


On tension between Griffin and the 
science community: 

Is unfortunate there's a perceived problem 
There are clearly a lot of incensed peop! 
Mike's position—which I support—is that an 
agency has a set of customers, first and fore- 
‘most the Congress and the White House, They 
set priorities. Ifthey want to change those p 
orities, they can, There has been a tendency 
[for astronomers] to regard what NASA does 
asasinecure. 


On how scientists can help: 
F'man advocate of small, fast missions that 
could do 80% of the capability for 10% of the 
cost. What would be useful is for the scien- 
tific community to prioritize missions within 
so We can get more s 
nice, by doing more smaller 
missions and fewer bigger ones, 


On exploration versus science: 

We are faced with a crisis in exploration 
The vehicle we have is being phased out for 
a lot of good reasons, and there's an invest- 
ment to make, Once the shuttle is phased 
out, L would anticipate scientific opportuni- 
ties will go up quickly with a much more 
flexible system. 


Robot Seeks New Life—and New 
Funding—in the Abyss of Zacaton 


With missions to other worlds in mind, explorers ready an ambitious robot to plumb 
a deadly sinkhole, looking for new life—or at least the bottom 


Thirteen years ago on a sunny spring moming, 
two divers prepared to descend into what could 
be the world’s deepest water-filled pit: north- 
eastern Mexico's El Zacatén, a 180-meter- 
wide limestone sinkhole filled by hyd 
thermal springs. The water is 30°C. teeming 
‘with strange microbes, and pitch-black below 
the first 30 meters. One diver was Sheck Exley, 
then holder of the world’s scuba depth record: 
the other was his friend Jim Bowden, a top 
underwater caver. They wished each other 
luck, adjusted their masks, and began free- 
falling down separate safety lines. Ten hours 
later, Bowden surfaced with a new world 
record feet (282 meters)—without ever 
finding the bottom. Exley did not surface. 
Three days later, his body was pulled out, tan- 
zgled inthe line, Noone knows what killed him. 

The sinkhole’s depth remains unknown: 
sonars work poorly in narrow spaces, so read- 
ings peter out at about 330 meters. But this 


\Week another team is preparing to replumb 
the mysteries of Zacaton—this time, with 
audacious new robot made to probe both 
geology and biology. The NASA-funded 
Deep Phreatic Thermal Explorer (DEPTHX) 
is designed to navigate and map deep und. 
\water tunnels, spot living things, grab them, 
and bring them back—all without direction 
from the surface. Ifit surv 
in March, DEPTH will be a major adv 
in robotics and exploration of extreme envi- 
ronments. If it survives NAS cuts, it 
could be a model for probing Jupiter's moon 
Europa, where Zacatén-like cracks or holes in 
the icy surface may offer the best chance of 
finding extraterrestrial life. 

Compared to other autonomous under- 
‘water vehicles (AUVs), DEPTHX is “well 
ahead,” says Gwyn Griffiths, head of the 
National Oceanography Centre underwater 
lab in Southampton, U.K. But like other 
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NASA-funded astrobiology projects, the 
robot’ future is uncertain. Its funding is about 
to run out, and a follow-up project may be a 
Jong shotas NASA cuts back support for such 
efforts (see p. 318). “Robotic exploration of 
our planet and the universe has been wildly 
successful and cheap.” says Dana Yoe! 
AUV guru and cheerleader for DEPTHX at 
Woods Hole Oceanographic Institution in 


Massachusetts, “To cut back on stuff like that 


for manned exploration is going to give the 


taxpayers very poor value,” 
The ringleader of DEPTHX is extreme 
wineer and cave explorer Bill Stone, who in 
1989 made it to NASA\s semifinal astronaut- 
selection round but was nixed as bei 
independent, During the past 3 decades, he 


too 


has worked on space and m 
the National Institute of Standards and Tech- 
nology and on the side explored some of 


Earth's most dangerous caverns, Traveling a 


kilometer or more under the surface, he has 


stayed down for weeks at a time in air-filled 
\lerwater, he has often dived through 


eaves, U 
twisty, silt-choked passages, re-emerging 
alive to appear in National Geographic. Find- 
ing standard scuba tanks too bulky, he 
invented a compact rebreather that recycles 
gases, now used by divers worldwide. In 1998, 
he made the first high-resolution maps of an 
underwater cavern, Florida's Wakulla Spring, 


by inventing a torpedo-like personal propul- 


sion vehicle studded w the precur- 
sor to DEPTHX. He and colleagues drove the 
devices through 6.4 kilometers of inky-black 
passa e three-dimensional (3D) 
images ofthe invisible walls. “Deep cave sys- 
tems are the last terrestrial frontier; they push 
the limits of human endeavor, technology, and 
psychology.” siys Stone, 

They are also dangerous. Stone has lost 
16 friends to exploration accidents and has 
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dragged out the bodies of seven himself 
Exley was his eave-diving mentor. “I've come 
to the conclusion that there are places where 
humans cannot travel safely.” says Stone, now 
54.""Weneed a surrog 
At Zacatén, Stone is working with Marcus 
Gary, a University of Texas, Austin, Ph.D. stu- 
dent who assisted at the fatal 1994 dive and 
became obsessed with the sinkhole. Ina Geo- 
logical Society of America paper last year 
Gary reported that the system owvesits vastness 
to volcanism that adds heat and gases to water 
running into the limestone, This hastens che 
ical dissolution of the rock as well as making 
things cozy for unusual bacteria. In 2003 
Stone and Gary joined with a east of luminar- 
iesin space, robotics, and microbiology to win 
2 $5 million, 3-year grant from NASA’SAstro- 
biology Science and Technology for Exploring 
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Into deep water. DEPTHX will plunge into Zacatén (top) and sample microbial mats (above, right. 


Planets (ASTEP) program to use Z 
proving ground for a prototype robot that 
‘could explore Europa. A side benefit would be 
exploring Zacatin itself 

Another team member is Richard Green- 
1 planetary scientist at the University of 


cation a8 a 


Arizona in Tucson who helped show that 
Europa, about the size of Earth’s moon, has a 
hidden ocean covered with an icy crust, Tides 


crack and puncture the ice from below, « 
sinkholelike features on the surface. Like 
Zacatén, Europa’s ocean is also probably 
heated by volcanism —ideal for the develop- 
ment of life. Many scientists think a robot 
might have to melt through some 10 kilo- 
meters of ice to reach liquid and thus life. but 
Greenberg says organisms—probably strictly 
microbes—may also lie in the surficial slushy 
ccracks and holes. “The beauty of this robot is 
that it would have the smarts to get in there and 
Took itself?” he says. (A separate craft would 
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probably melt its way to the bottom of the ive 
and release one or more DEPTHX-like robots 
to search the liquid ocean.) 

So far, robots have made only baby steps 
toward this goal. Deep-sea research still 
depends heavily on remotely operated vehicles 
powered by tethers from mother ships. Even 
the Mars rovers receive radioed instructions 
from Earth and power from the sun, Robots 
i under ground or ice can receive neither, 
because these block radio and light waves, and 
tethers would become tangled, New AUVs 
hold promise, but so far most operate in open 
waters, merely recording temperature. 
depth, and salinity, “The fully 3D environment 
and true autonomy are things robotics is only 
b toaddress.” says David Wettergreen, 
a robotics engineer at Carnegie Mellon Uni- 
versity in Pittsburgh, Pennsylvania, and 
DEPTHKX team member. 

Early drawings of the 1500-kilogram 
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DEPTHX robot had it looking like an out- 
board motor, but in 2005, the team switched to 
a flattened egg shape to help make it slippery 
and all-seeing in tight spaces. Wettergreen’s 
team has girdled the surface with 56 transduc- 
cers that bounce narrow sonar beams in all 
directions, These hook to a newly elaborated 
technology called simultaneous localization 
and mapping (SLAM). As DEPTHX moves 

slowly, about 0.1 meters per second—SLAM 
‘computers integrate the signals into real-time 
maps of walls, ceilings, and floors, Theoreti- 
the craft should hover within less than an 
arm’s length of these features and traverse 
almost any passage itean fitinto, As ittravels, 
it will store the maps and look both forward 


and back; it is supposed to recognize where 
itis, and, when itis time to go home, follow 
the maps back, 

In spring 2005, the team lowered a stripped- 
down version of the sonar array into Zacatén 
and retrieved exquisite 3D images of the sink- 
hole down to 250 meters, the first even partial 
tslimpse ofits shape, Below its wide, circular 
top. it narrows into something like a tornado 
spout. Gary says the bottom could lie as deep 
asa kilometer—the probable limit of water- 
soluble limestone—and labyrinths of horizon- 
tal tunnels could run many kilometers, possibly 


connecting to other sinkholes nearby 


14s. During a shakedown cruis 
water-filled quarry in Austin, Tex: 
month, the robot smacked the muddy bottom, 
then surfaced unexpectedly under the team’s 
rowboat, smashing a $5000 Wi-Fi antenna and 
rattling researchers, “The risk of los 

vehicle down there is non-nexli 
Camegie Mellon roboticist George Kantor 


finding and sampling organisms. Its no prob- 
Jem on top: Along with litle fish, water moc- 
sins and other snakes up to 2.7 meters long 
cut the surface faster than humans can swim. 
But below about half a meter, the hot, chem 
Jaced water lacks both oxygen and conven- 
tional aquatic life. Divers have found a shallow 
tunnel connecting Zacaton to a nearby river 
that holds the bones of countless turtles: like 
Exley, they may have dived too far or too long. 
(On the other hand, hydrogen sulfide and other 
volcanic 


aases feed thriving communities of 
extremophile microbes. Each morning the 
water is clear, but by noon it tums milky gray, 


probably from elemental sulfur precipitated 


‘out by photosynthetic sulfide-eating bacte- 
Further down, the walls are lined with 
spongy red and purple microbe mats. says 
the team’s microbiologist. John Spear of the 
Colorado School of Mines in Golden. In the 
first 82 meters—as far as human divers dare 
sample—Spear has spotted 27 divisions of 
bacteria, including six that may be new: 
along with archaea and planktonic diatoms. 
“The diversity is astounding. | think that if 
we get down further, there will be eve 
he says. He expects only microbes but 


mor 


could run into tubeworms, or 
thing else. We really have no i 

To search for such life. DEPTHX is 
‘equipped with sensors and software that will 
allow it to follow plumes of heat, sulfide, 
nitrates, or turbidity—likely emanations of 
the volcanic vents that almost certainly lie 
below and potential hot spots for life. “Its the 
old “getting hot. getting cold’ game, built into 
4 robotic brain,” says co-investigator Daniel 


Durda a planetary scientist and cave diver at 
Southwest Research Institute (SwRI) in 
Boulder, Colorado (Science. 6 September 
2002, p. 1640). The robot also continually 
sips water through a microscope designed to 
pick out living cells by spotting motion. If 
cell numbers spike. the robot may follow that 
trail and suck in a water sample to earry 
back. Once the robot reaches a likely spot, 
cameras are programmed to look for changes 
in colors, textures, or shapes that could set 
bacterial mats apart from 
water, “We're not quite sure what we're look 
ing for yet—just something different,” says 
SWRI engineer Emest Franke, head of the 
science-package team, DEPTHX has an arm 
with a coring device primed to stick itself 
into a prospective life form and pluck out a 
sample about the size of one’s thumb-end, 
Little Jack Horner-styl. 

‘Skeptics may think all this unlikely, but 
from 200. 1S, a NASA-funded robot that 
Wettengreen worked on crisscrossed Chile's 
near-lifeless Atacama Desert seeking patches 
of photosynthetic algae by its telltale fluores- 


are rock or open 


cence. The robot successfully scooped up 
samples and applied dyes to detect amino 
acids and lipids—the stulfof life 

However, NASA has slashed exobiology 
budgets, and this could prematurely end 
DEPTHX and related ventures. ASTER, the 
main funder of exotic robots, has gone from 
‘$15 million in 2005 to a planned $4 million in 
2007. DEPTHX’S current funding ends after 
its March deployment. Stone and colleagues 
hhad next hoped to develop a smaller, smarter 
DEPTHX to slip into Antarctic subglacial 
lakes, and then to design a robot to land on 
Europa by 2020, Already, another cutting: 
edge DEPTHX-like AUV slated to sample 
volcanic vents under the ice-covered Arctic 
Ocean this summer has run over budget, and 
ASTEP has not rescued it, But John Rummel 
NASA‘s senior scientist for astrobiology, 
notes that there is still some money in 2007. 
“Itis my fervent hope that we'll beable to fund 
the next stage of DEPTHX:" he says 

This month, the team will test the robot 
in the shallower sinkholes near Zacaton 
Electrical-resistivity tests around several 
suggest that theirbottoms may be false floors 
of travertine hiding much deeper watery 
voids below. These 


ak 


or 


will swim down into Zacatén itself and meet 
whatever might be living there, “Whether we 
see,” says Stone. 


KEVIN KRAJICK 
Kevin Krajckis a writer in New York City 
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oravtailed 
explain 
‘an outrun gh 


n soft sand. 


BIOMECHANICS 


Crab’s Downfall Reveals a Hole 
in Biomechanics Studies 


The melding of materials and movement to better understand locomotion gets a 
boost from physicists studying the properties of granular materials 


PHOENIX, ARIZONA—When it comes to nun 
ning on sand, the ghost crab is an Olympic 
‘champion, With legs that are a blurto the naked 
eye, Ocypode quatrata scoots up to 2 meters 
per second on hard-packed sand. But soften up 
the sand. bit, and the gold medal instead goes 
tothe zebra-taed lizard, an animal that spends 
litle time on the grainy material. This surpris- 
ing observation, reported earlier this month 
here at the annual meeting of the Society for 
Integrative and Comparative Biology, comes 
‘courtesy of physicist Daniel Goldman of the 
‘Georgia Institute of Technol 
n has jumped into the 
mechanics by employing a device physi 
have long used to examine granular materials 
That's allowed him to study how animals 
move over different kinds of surfaces, an 
approach that Goldman and others feel has 
been neglected to a large extent. “I's nice to 
practical and theoretical applications of 
‘granular physics applied to an organismal bio- 
mechanics problem.” sys Andrew Biewener, 
a biomechanicist at Harvard University. “It 
creates an entirely new field of investigation.” 
Which will advance both basic biology and 
robot engineering. 

Until now, most researchers have studied 
how animals walk, run, trot, and otherwise 
move using hard, nonskid platforms. “When 
we studied forces, the last thing we wanted 
\was to have slippery surfaces.” says Cather- 
ine Loudon, a biomechanicist at the Univer- 
sity of California, Irvine. And this approach 
has proved useful, as researchers have made 
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progress analyzing how muscles and ten- 
dons make different gaits possible (Science, 
21 January 2005, p. 346). 

But in the wild, organisms must contend 
with mud, gravel, and ground littered with 
debris. Sand can be particularly challenging. as 
its grains give way briefly underfoot, trans- 
forming the surface froma solid toa virtual liq- 
tid. Goldman wants to understand how ongan- 
isms deal with this complexity. “We can't pre 
dict how animals will move until we unde 
stand the substrate." he says. 

At the University of California, Berkeley, 
Goldman and Wyatt Korff, now at the Cali- 

ornia Institute of Technology in 
Pasadena, built a “fluidized” bed. a box 
glass beads that were stand-ins 
for sand. The bed’s underside 
has a porous membrane, and 
by pumping air at different 
speeds up through the mem- 
brane, Goldman can change 
hhow tightly packed the beads are, 
thereby controlling the properties 
of the “sand.” More air results in looser pack- 
ing and eventually, a surface much like quick- 
sand, Aerated enough. the bed turns into a 
fluid. The method is“extremely brilliant.” say 
Frank Fish, a biomechanicist at West Chester 
University in Pennsylvania. 

Goldman and his colleagues chased 
ghost crabs, geckos, and various lizard 
species down a sand-filled track and across 
the bed, filming the animals as they tra- 
versed hard, sofi, and “liquid” sand. In addi- 
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tion, he and Korff dropped wires attached to 
rods into the sand to determine the mechani- 
cal requirements for locomotion in sand of 
different consistencies. 

As expected, the ghost crab zoomed across 
the hard-packed sand, But in soft sand, its eight 
Jegs sank in, and the crab trudged along at about 
40 centimeters per second. That’s about the 
speed of the gecko, which is adapted for living 
intrees, not on beaches, “We didn't think there 
would be such a big difference.” Goldman says, 
The Mohave fringe-toed lizard, another sand 
dweller, also got bogged down: Its speed 
dropped by 10%, “Being specialized for sand 
doesn’t necessarily mean better performance’ 
‘onall forms of sind, Goldman reported. 

The big winner on the softer sands was the 
zebra-tailed lizard. It left the ghost crab in the 
dust, maintaining at least a 1.5-meter-per- 
second pace, even in quicksand. This species, 
livesina varied environment, traveling through 
brush and on rocks, gravel, and, occasionally, 
sand; therefore, Goldman expected that it 
would lack any special adaptation that would 
‘enable itto excel on any one surface. But the 
nd “it seems 
10 use fee against the substrat 
Goldman said. The lizard has extremely long, 
gangly toes, and C 
spreads the toes wide as they hit the 
then curls them up as it lifts the foot, He sus- 
pects that sand caught between the toes causes 
the sand to stop flowing such that it supports 
the lizard’s weight and allows the animal to 
push offinto the next step, 

Fish is not convinced that long toes are the 
secretto this izand’s success.“ 
don’t think they understand 
enough about the dimensions 
‘of the feet and how they inter 
ct with the sandy envir 
ment,” he says. 

Goldman is addressing 
thoseinterictions, Heand Koei! 
have designed an artificial “foot”: a rod 


with crossed wires attached perpendicu- 
angle 


larly at the end, They v 
between the wires and drop the 
the sand, measuring how fait sinks. 
tration depth depends on the ang! 
the individual wires, Goldman reported. 
shows geometry can be important in your foot? 
Understanding the differences between 
how the ghost crab and zebra-tailed lizard 
move could help engineers make better robots, 
\Which forthe most part stop dead in sand. “You 
\want to have robots that can run around on all 
surfaces.” says Loudon, For that reason, “its of 
great importance to understand how animals 
can [handle] such different surfaces 
ELIZABETH PENNISI 
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Renaissance Man of 


WILLIAM K. 


HARTMANN 


The Solar System 


TUCSON, ARIZONA—Whether it’s his 
office, studio, or home, William Hartmann 
packs the pictures in. Everywhere the walls 
And they are 


are covered with paintin; 


paintings of everywhere: an abstract of 
Paris by writer Henry Miller; € 
Be 
artist h 


h, California, by Hartmann’s space- 
th 
‘own depiction of a European cate: a Swiss 
landscape by his grandfather, 

And then there are the chockablock paint- 
ings of the Great Out There from Hart 
year career asa space artis. The one still on 
the easel in his backyard studio depicts icy 


late Chesley Bonestell; his 


geysering on Saturn's moon Enceladus 
Another shows how a giant impact 4.5 billion 


years ago could have splashed the 
the moon off Earth, an offbeat hypothesis he 
‘co-originated. Which is now the scientific con- 
sensus on how the moon formed. Hartman's 
imagined views of space blend with his words 
in his fifth-edition planetary science textbook, 
his half-dozen popular books, and even his 
first novel. 

He’s one of the most productive, 
vative scientists in the field.” even while 
pursuing his painting 2. says plan- 
etary geologist Ross Inwin of the National 
Air and Space Mus 
“He's made as many discoveries as anyone 


could hope to 

And he’s done it without tenure, without 
the past 36 years. He did help found the Pla 
etary Science Institute in Tueson, where he 
like all other PSI staffers 
ence on nothing but soft money. A nonprofit 
PST has lately been a model for a growing 
number of planetary scientists looking for 
workplaces “run by scientists for the benefit 
of science,” as PSI's founders put it 


mic position or even a salaried one 


thas done his sei- 
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Scientific innovator from the moon to 
Mars, author of textbooks and novels, 
and space artist, William Hartmann is 


the independent scientist writ larg 


A backyard start 
Hartmann, 67, approached planetary science 
at an auspicious moment asking the right 
question. “What are the pkanets like?" he wor 

dered as a 14-yearold. Through the telescope 
that he built with the help of his e1 
father, he could maki 
surface well enough, but from his home in 
suburban Pittsburgh, mysterious Mars was a 
tiny disk of shifting sn 


put the cratered lunar 


| astronomers 
duate studer 


At the time, profession 
couldn't do much better. Asa 
at the University of Arizona (UA) at the dawn 
of the space age, the early 1960s, Hartm 
found himself studyiny 


nages of the 
ken 
Earth, But his adviser 
Kuiper, a 
of 


moo from 


Gerard 


planetary 
showed him a new 
way to look at the 


‘moon, one that would 
shape much of his 
scientific career. 

From Earth, astro- 
nomers could see only 
the near side of the 
moon, Around the 
edges, they could see 
it only at terrain- 
distorting low an; 


ales. 


So Hartmann projected telescopic photo- 
graphs of the moon on a plain white I-meter 
sphere and photographed this lunar globe fro 

the side, simulating an overhead perspective 
not available until the Apollo missions. His 
darkroom experience would eventually involve 
him in a major UFO study for the U.S. Air 
Force and image analysis for the US. House of 
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Playful. PSI researchers of the 1970s worked on a 
computer model that made solar systems. 


Representatives Select Committee on Assassi- 
nations. The scientific payoff, however, wasthe 
discovery of the Orientale basin, a huge impact 
scaron the extreme west limb of the moon, the 
first of its kind to be recognized. 

Orientale’s discovery would typify much of 
Hartmann’s science. “A lot of 
been the big-picture stufl"he says, While most 
of his contemporaries worked to become the 
world’s expert on the topics of their disserta- 
tions and totum out data to five significant fi 
ures, Hartmann headed the other way, “The 
first-order things linking different planets has, 
always appealed to me,” he says. 

In that spirit, he next used impact craters 


me 


‘on the moon and on Earth to gauge the age of 
the great lunar lava plains that shape the man 
in the moon, Assumit 
rain in from the asteroid belt like sand through 
aan hourglass, the number of craters on a sur= 
eof that surface, Compar- 
ing lunar crater counts and craters on dated 
surfaces on Earth, Hartmann calculated the 
age of the lunar Lava plains to be about 3.6 bil- 
lion years. The late Eugene Shoemaker, the 
leading cratering expert of the time, put the 
age at 0.1 billion years, Five years later, 


impactors steadily 


fice measure the a 


lab dating of Apollo rocks proved that 
Hartmann’ estimate was right on 

In the early 1970s, after serving on the se 
cence team for Mariner 9—the first artificial 
satellite of Mars—Hartmann applied his 
crater-counting idea to the Red Planet, Mars 
may have looked geologically decrepit, but 


he found some lava 
pl cr 
counts implied that 
they could bea mere 
100 million years ol, 
born last year if Mars 
\Were an octogenarian, 
In the 1980s, dating of 
meteorites from Mars 
confirmed the youth- 


fulness of at least some 
martian lavas, By the 
1990s, Hartmann 


had co-authored the 
gold-standard crater- 
ing chronology for the 
inner solar system, 


Freelancers unite 
So in the late 1960s, Hartmann was atthe start 
ofa roll. He even had an assistant professor's 
position at UA. But by 1970, Kuiper—con- 
cemed that Hartmann develop some profes- 
sional independence—was nudging him out of 
the nest when there were stil few places to 20 
in planetary science. Asit happened, Hartmann 
had company. In 1968, UA graduate Alan 
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Binder had talked his Chicago-based employer 
into opening a Tucson office. By 1971. the 
office included not only Hartmann but also 
UA Ph.D. Donald Davis and UA student and 
Massachusetts Institute of Technology Ph.D. 
Clark Chapman, now at the Southwest 
Research Institute in Boulder, Colorado, 

From the start, the Tucson group was on a 
mission of its own. It would pass through a 
half-dozen leased offices and work its way 
through three parent organizations, always 
searching fora free hand anda lower overhead 
It was a nonprofit division before going inde 
pendent in the late 1990s, but the philosophy 
remained the same, “We tried to design PSI to 
be good for the individual researcher.” says 
Hartmann, “We designed it around how people 
wanted to live and work. We didn’t 
ulty meetings or deans, but we didn’t have 
assured money either.” 

That meant gatherin 
researchers less interested in teaching th 
doing hands-on science in overlappin 
fields, and then bringing them up to speed 
‘on the fine art of winning NASA grants. By 
nid-1970s, PSI was a group of five 
rchers with all the expertise necessary 


tou the seerets of how a disk of dust 
and gas had clumped into balls of ice and 
rock that banged into each other to form 
planets, moons, asteroids, and comets 
Hartmann briefly served as manager of the 
group until, as a short history of PSI by 
Davis, Hartmann, and a colleague puts it 
“his natural inabilities were recognized.” 
PSI has ballooned in the py 
have several other nonprofit planetary insti- 
tutes. Ithas gone from a staff of 13 and annual 
revenue of three-quarters of a million dollars to 
a staff of $5 (half of them women, with only 
four or five administrators) and an annual rev= 
enue of $3.5 million. Many were attracted not 
just by the organizational simplicity but also by 
the geographical flexibility to work where they 
\wish or where their spouses Work. The result is 
aa“ virtual institute” 

The PSI synei 
biggest find of his career. From his own crater- 
ing work, Russian theoretical studies. and lab 
experiments, he and PSI colleagues realized 
that bodies violently colliding in the still- 
forming solar system came in a range of sizes. 
There were farmore small onesthan lange ones. 
The object that hit the moon to form the Orien- 
tale basin was about 150 kilometers across. 
‘What was the biggest body that could have hit 
the nascent Earth? wondered Hartmann. 

Ifthe biggest impact were big enough to 
blast some of Earth’s iron-poor mantle into 
‘orbit to form the moon, “it seemed to me that 
would explain a lot.” says Hartmann. Apollo 


5 years, as 


ry soon Jed Hartmann to the 


nt back lunar rocks for 
geochemists to analyze. “I was in awe of the 
eochemists because they worked at such high 
levels of accuracy.” he says. Yet they couldn't 
explain even the grossest of the moon's proper- 
ties, such as its dearth of iron, 

So Hartmann teamed with Davis—a 
dynamicist—to develop the giant-impact the- 
ory of the moon's origin. Preity much ignored 
afer its 1975 publication, it became the surprise 
leading contender at a workshop in 1984 and 
has been pulling away ever since, The success of 
ant-impact hypothesis gave Hartmann 


astronauts had just bro 


fundamental properties rather than a welter of 
data, Hartmann has missed the misspelling of 


hisown name on papers, Chapman says, but “he 
sees things in a subjective way that can be more 
effective” than fighting thro 


Another side of science 
At least part of Hartmann’s more intuitive 
approach was nearly left behind with the trap- 
pings of amateur astronomy. He had grown up 
with a sketchbook in his hand and his 
fac pings over Bp ‘walls of hishome. 
But by grad school, he had absorbed the 
sage that he'd need physics, not 
understand the planets. That changed in 1970 
When a publisher asked him to write 
ductory textbook for planetary science. The 
prospects for illustrating solar system bodies 


he solicited paintings from his grow: 
tacts in the space-art community and took up 
his own acrylicsand brush. 

Hartmann sees a productive interaction 
between “the painter's eye versus the scientist's 
1c.” For instance, sometimes he understands 
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the color of 


terrestrial dune he’s painting 
changes with changing sun angle. And trying to 
paint an alien scene not yet visited by a lander 
“forces you to ask what we actually know. 

Asa youn; . says Hartmann, he 
was considered something of a dilettante 
because of his painting. But other scientists 
tually saw the rewards of someone trans- 
Iating their data into a form accessible to the 
public. In 1997, Hartmann even won the first 
Carl Sagan Medal for communication of sci- 
cence to the public from the American Astto- 
in part for his art. 


mt has painted th 
nd Surfsey as well as the origin of the moon. 


The other part of his public communication 
has been writing, starting witha textbook and a 
half-dozen popular science books. Since the 
Sayan award, he hasalso published two novels. 
Mars Underground combines science fiction 


and mystery on a scientifically realistic 
while Cities of Gold switches back and forth 
between 1989 Tueson and the carly days of 
Spanish incursion there. “I like having a dia- 
logue with interesting people who take you to 
different places or times.” says Hartmann 
“Novelists can be the scientists of the human 
psyche. You can talk about everything.” 
Eyeing retirement, Hartmann has been cu- 
ting back his science in recent years to favor 
painting and writing, although he still feels an 
‘obligation to contribute to PSL and its effort to 
groom new planetary scientists. Whether PSLis 
primed to produce another renaissance man, oF 
‘woman, is hard to tell. “A lot of the questions I 
wanted answered at 14 have been answered, 
says Hartmann, And gigabytes of those pesky 
details he tended to avoid have been returned 


planetary photometry—the interaction of light from spacecrafi, with terabytes more to come. 
and surface—“experientially” by noting how RICHARD A. KERR 
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edited by Etta Kavanagh 


Treating Diseases with Adult Stem Cells 


IN THEIR LETTER “ADULT STEM CELL TREATMENTS FOR DISEASES?” (28 JULY 2006, P. 439), 
S. Smith etal. claim that we misrepresent alist of adult stem cell treatments benefiting patients (1). 
But it is the Letter’s authors who misrepresent our statements and the published literature, dismiss- 
nts who have shown the benefits of adult stem cells. 

‘We have stated that adult stem cell applications have “helped.” “bens and “improved” 
patient conditions, Smith eal.’s Supporting Online Material (2) repeatedly notes patient improve- 
ment from these cells (3). We have never stated that these treatm nerally available.” 


ing as irrelevant the many scientists and pati 


nts are 
approved by the US. Food and 
1 FDA approval (4), and even the 
nine supposedly “fully approved” treatments acknowledged by Smith et al. would not be consid- 
ered “cures” or generally available” to the public at this stage of research, 

The insistence that no benefit is real until after FDA approv 
not a medical standard to evaluate patient benefit, but a 
nts, Physicians andl pat 


“cures,” or fully tested in all required phases of clinical trials an 
Drug Administration (FDA).” Some studies do not require pr 


is misplaced, Such approval is 


gency determination that benefits out- 
weigh risks in a broad class of pati nts use an evidentiary standard. Our 
listof72 applications, compiled from pecr-reviewed articles, documents observable and measur- 
able benefit to patients, a necessary step toward formal FDA approval and what is expected of 
new, cutting-edge medical applications, 

Smith ef af also mislead re 


ring citations for testicular cancer and non-Hodgkin's lym 


phoma, referring to “[t}he reference Prentice cites... as thou xisted in 


each ease, and not mentioning four other references that, 3 
show “improved long-term survival” of patients receiving adult stem cells, There are cur- 
rently 1238 FDA-approved clinical 
trials related to adult stem cells, 
includi 


“The ethical and political controversy 
surrounding embryonic stem c 
research makes scientific claims 
especially prone to exaggeration or 
distortion. All such claims should 
receive careful scrutiny. 

—Prentice and Tarne 


ll testicular cancer and over 2 
with non-Hodgkin's lymphoma (5) 
They also disregard studies showing 
successful stimulation of end 
cells for Parkinson's 

The ethical and political contro- 
versy surrounding embryonic stem 


cell research makes sciemtific claims 

especially prone to exaggeration or 
distortion. All such claims should receive careful scrutiny, as recently acknowledged by the edi- 
torsof this journal afer wo articles claiming human “therapeutic clon 
to be fraudulent. This scrutiny should be directed equally toall sides. V 
ies, Neaves and Teitelbaum, are founding members of a political group whose Web site lists over 
70 conditions that “could someday be treated or cured” using embryonic stem cells (6). High on 
this list is Alzheimers disease. acknowledged by experts as a “very unlikely” candidate for stem 
cell treatments, with one NIH expert describing such a scenario asa “fairy tale” (7). The entire list. 
in fact, is based on no evidence of benefit inany human patient from embryonic stem cells and lt- 
tleevidence forits claims in animal models. Noone should promote the falsehood that embryonic 
stem cell cures are imminent, for this cruelly deceives patients and the public (8). 

DAVID A. PRENTICE AND GENE TARNE? 


success were revealed 
ote that two of our crit- 
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amily Research Council, 801 G Street, NW, Washington, 
1DC 20001, USA. 200 No Harm: The Coalition of Americans 
for Research Ethics, 1100 H Stret, NW, Suite 700, Was 
ington, DC 20005, USA, 


*To whom correspondence should be addressed, E-mail 
eepeticorg 
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Moving Toward 
Decarbonization 


CONCENTRATED SOLAR THERMAL (CST) ENERGY, 
such as that used at the SEGS solar energy 
plants, is not new. What appears to be new is 
R. Shinnarand F, Citro’s suggestion that oil ata 
temperature of >800°F can be stored for hours 
or days before being used to generate steam 
(“A road map to US. decarbonization. Policy 
Forum, 1 Sept. 2006, p. 1243), 

Tucson, Arizona, at 32°N latitude has aver 
age daily solar insolation of 2,000 Buu feet 
This is the highest level in the United States 
and occurs only in the southern half of 
Arizona and a small part of New Mexico. 
During the peak summer periods, the rate of 
solar energy falling on a given land area is 
more than five times the rate in winter 
Further, about 60% of the solar energy comes 


between 10 a.m. and 2 p.m, 

Consequently much of the oil would be 
heated to >800°F during midday in summer 
and stored for use in the winter. The amount 
of hot oil storage required to provide 50% 
of U.S. energy consumption is enormous 
and impractical. 


sciencemag.orq 


Howard Hayden describes part ofthe SEGS 
operation as follows (J): “The optical effi 
ciency varies from 71% (units I and I} to 80% 
(units VIII and 1X), That is, between 71% and 
80% of the sunlight that strikes the mirrors is 
actually reflected to the pipes containing the 
therminol, They achieve this high efficiency by 
\ashing the mirrors every five or so days and 
with a high pressure wash every ten-to-twenty 
days, Lets repeat that: they wash the several 
million square meters of mirror ~ much more 
million m? of aperture ~ about 25 


derthis CST project na 
Jem is that of finding 15,000 square miles of 
land suitable for SEGS systems that can be 
made available. 

H. DOUGLAS LIGHTFOOT 
Global Environmental and Climate Change Centre, McGi 


University, Montreal, OC H9X 3C2, Canada. E-mail 
dlighto@acica 
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MOVING TOWARD A DECARBONIZED ENERGY 
system is an essential element of any strategy 
to mitigate climate change. In their Policy 
Forum "A road map to US. decarbonization” 
(1 Sept. 2006, p. 1243), R. Shinnarand F. Citro 
have outlined one possible technological road 
map to achieve US. decarbonization, in lange 
part by using extensive concentrated solar ther- 
mal technology for lange-seale, earbon-free 
electricity generation, Although we fully sup- 
port studies that explore the potential of tech- 
nology to “solve the climate problem” (/), we 
are of the opinion that strong policy analysis is 
needed to reinforce the findings of such work 
and that policy research in support of this or 
other technological futures should adhere to 
common research standards (2). Policies—or 
lack thereof—are probably the most profound 
bar implem 
nological climate change mitig: 

Shinnar and Citro have used an engineering 
cost-effectiveness calculation to estimate that 
the investm 
nology would cost $45 to $50 per ton of CO, 
reduced, They state: that this figure is the 


er to successti tation of tech- 


appropriate value fora CO, tax, but cite no pre- 
vious policy research or now analyses to simp 
port this. Rather than a single policy solving 
the climate mitigation problem, a policy analy- 
sis might reveal that a portfolio of policies, 


implemented at different levels of government 
introduced over different time scales, and 
different parts of the energy system, 
will be required to make decarbonization a 
reality, In addition to pollution taxes (a price 
instrument), there are many other empirically 


imed 


idated policy approaches (3, 4), such 
‘ap and trade” quantity limits, finar 
cial incen 


es of subsidies, and emission 


rs. A full consideration of all options 


zorous policy research is critical to 
‘overcome the “political hurdles” mentioned at 
the end of the Policy Forum, 

‘CONOR REYNOLDS AND ERIC MAZZI 


lastiute for Resources, Environment and Sustainability, 
Univesity of British Columbia, Vancouver, BC VET 124, 
Canada, 
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Response 
LIGHTFOOT SEEMS TO CONFUSE SOLAR CELLS 
with concentrating solar power (CSP). CSP 
plants constructed by Luz have been operating 
in the Mojave Desert for 20 years (1, 2). The 
interval required for cleaning the collectors is 
not considered to be an impediment to the 
operation (/, 3). The storage capability ofthese 
plants was an important technical break- 
through that. if prope 
solar energy to become 
tric power in countries with large desert areas. 
Lightfoot is not correct when he 
that the use of a high-temperature h 
transfer fluid for energy storage is 
was an essential part in the init 
design that provided storage for two hours. 
This capability, which is not feasible for 
solar cells, isthe critical concept that makes 
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large-scale use of solar energy via CSP pos- 
sible. Our Policy Forum also shows that, 
with simple design changes, CSP with stor- 
in provide a load-following capability 


that can stabilize the grid and increase the 


usefulness of solar cells, 

One of Lightfoot's main arguments is the 
assertion that the solar irradiance ratio in 
Tucson, Arizona, between summer and win- 
ter is larger than 5. Figure $1 (4) shows that 
the measured monthly solar irradiance ratio, 


averaged over a period of 30 years, for 
Tucson and two other places is less that 1.8 
(1.7 for Tucson), and that the difference from 
the average is less than 30° 


As rainy or cloudy days do occur even in 
the desert (less than 25 days year), the ability 
sand to use fossil fuel as backup 
gives CSP a critical edge over any other 
renewable energy with variable output. In our 
plan, the excess electricity generated will be 
uused to obtain the hydrogen to produce hydro- 
carbons as well as storable fuels for backup. 

Regarding Lightfoot's concern about 
available space, extensive studies by the US. 
De} nt of Energy have identified 
four Southwest states (Arizona, California, 
Nevada, and New Mexico) with deserts lange 
‘enough to generate 4000 GW (5), more than 
twice the output needed for our plan. Largs 
deserts with stronger and more even solar 
irradiance are available in nearby Mexico. 

We fully agree with Reynolds and Mazzi 
that dealing with the decarbonization of the 
economy requires a complete systems analy- 
sis, Political problei 
nomic constraints on implementation must be 
taken into account, as well as time factors and 


tostore ener 


5. costs, and the 


competing priorities. But the methodology 
they recommend requires quantitative data on 
risks, penalties, nnot be 
hard 
numbers, the results can be highly mislead- 
ing. The only sensible response when faced 
with a calamitous risk is to do everything fi 
sible and affordable to prevent it 

Our Policy Forum did not deal with a com- 


id costs that 


ly defined. When guesses replai 


plete systems analysis. We accepted the con 
clusions of previous analysts that the risk of 
any of the three problems—peaking of oil and 
s reserves, enengy independence, and wlobal 
rming—we discussed is unacceptable (6), 
Instead, we identified the technological options 
available and focused solely on proven technol- 
‘ogy that we can start to implement now. We 
demonstrated that a totally decarbonized econ- 
‘omy can be realized with existing technology 
at an affordable cost. Furthermore, as each of 
the problems mentioned has unbearable conse- 
«quences, we showed that it is cheaper and more 
effective to treat them simultaneously, which 
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‘ur plan tries to achieve, We estimated a cost 
of $200 billion a year, but this is the total 
investment required: the cost to society would 
be significantly less, probably reduced by 
-third, by the income realized from the 
investment, The reduction of imported oil and 
gas alone would free up between $200 and 
$300 billion a year 

We agree with Reynolds and Mazzi that 
there can be many ways to help implement 
cour plan and that a CO, tax is only one possi~ 
ble exasiple: But no risk armljsis cin lead 10 
positive results unless we acknowledge that 
the problems we face are ominous and that 
ble research will provide a “silver 
bullet” that will make the solution pa 


free, 


Letters to the Editor 
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CORRECTIONS AND CLARIFICATIONS 
‘News of the Week: “U.S. weighs protection for polar 
bears” by E. Pennisi (5 Jan, p. 25). The article incor 
rectly relerred to the Natural Resources Delense Councit 
235 the National Resources Delense Council 


Table of Contents: (24 Nov, 2006, p. 1209). The one- 
sentence summary for the Report “Two Dobzhansky: 
Muller genes interact to cause hybrid lethality in 
Drosophila” by N. J. Brideau et al. was incorcect. It 
should read, “Lethality in the hybrid offspring of two 
tut ly species is caused by a pai of interacting genes, 


TECHNICAL COMMENT ABSTRACTS 


Comment on “The Geometry of 
Musical Chords” 


Dave Headlam and Matthew Brown 


Tymoczko (Reports, 7 July 2006, p. 72) proposed that 
the familiar sonorities of Western tonal music cluster 
around the center of a multidimensional orbifold, 
However, this is not true for all tonal progressions. 
When prototypical three-voice cadential progressions 
by Bach converge on the tonic, the chords migrate trom 
the center tothe edge of the orbifold. 


Full text at wnmsciencemag org/eglcantentfull315/ 
58103300 


Response To COMMENT ON 
“The Geometry of Musical Chords” 


Dmitri Tymoczko 


The basic sonorities of traditional Western tonality 
divide the octave nearly evenly and are found near the 
center of the orifolds 1/8, and T*/S,, Many common 
musical patterns exploit this fact, which permits elf 
‘dent voice leading between structurally similar chords, 
In actual music, these patterns sometimes appear 
incompletely or are accompanied by additional notes 
Using orbifolds in musical analysis therefore requires, 
interpretive skills 

Full text at wwmsciencemag org/egveontentfull315/ 


both of which have been positively selected.” 


58100330 


Innovation has its Rewards 


The Alternatives Research & Development Foundation, 
a leader in the funding and promotion of alternatives to 
the use of laboratory animals in research, testing, and 
education, announces that it is currently soliciting 

research preceae to its Alternatives Research Grant 
Program. For over 15 years, this innovative program has 
rewarded scientists who have an interest and expertise 
in alternative research investigation. 


* Up to $40,000 in funding 
available to suppor individual 
projects with preference given to 
US. universities and research 
institutions. 

* Downloadable application and 
instructions at 
www.ardt-online.org 

* Deadline: April 30, 2007. 

«Announcement of recipients: 

July 15, 2007. 


BEER 


801 Old York Rd., #316 
Jenkintown, PA 19046 


fax: (215)887-0771 
Atematives Research & Development wirw ard-onine.ora 
into@ ardf-oniine.org 
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THE CANON NATIONAL PARKS. 
SCIENCE SCHOLARS PROGRAM 


Training the Next Generation of Conservation Scientists. 


The Canon National Parks Science Scholars Progiart ts 
pleased }t0 announce Its 2007 compe 
program ls a collaboration among Canon, 
can Association for the Advancement of Science and 


‘the US Nat 


hal Park Service Thanks to a generous 
commitment by Ganon, the program will be awarding 
eight US$80,000. scholarships to PhO. students 


through ‘Americas fo conduct research critical 


to conserving the national parks of the region. 


Research projects in the biological, physical, social 


and cultural sciences are eligible, as well as research: 


projects in technology Innovation in support of 


be received by 3 May 2007. For 


lication guide 


ccbsite <www.canonscholars.o1 
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SCIENCE ANDTHE MEDIA 


Breaking the Embargo 


Richard Horton 


(74 Cc an we expect a few broken fin- 
gers?” asked one news agency 
joumalist."Theem- 

bargo break caused me serious 
embarrassment,” wrote the sc 

‘ence editor for a leading int 
national broadsheet newspape 
“There should be consequences 
for this sort of behavior’ 
marked another reporter. 

These were just a few of the many angry 
ions I received from journalists when 
three U.S. newspapers—the New York 
Times, Washington Post, and Wall Street 
Journal—broke The Lancet’s news em- 
bargo on the recent Johns Hopkins survey 
ortality in frag. 

Admittedly, the story was hot. Could it be 
true that increased death rates after the 
U,S.-led invasion of frag in March 2003 
have claimed an additional 650,000 lives? 
We planned to publish the research paper 
‘online, Following our standard practice (one 
shared with many journals), we had issued a 
press release and advance copy of the article 
to journalists a few days before the day of 
publication, But a dispute over who had 
rights to disseminate the research led jour- 
nalists at those three newspapers to believe 
they were free to ignore our usual embargo 
rules, We felt stamped upon by this emba 
violation, In retaliation, and at the urging of 
other journalists, we temporarily removed 
the three newspapers from our press lists 
(thus depriving them of advance ac 
papers we were about to publish), 

Vincent Kiernan might, think, be quite 
pleased with this outcome. In Embargoed 
Science, his compelling critique of the self- 
‘aggrandizing embargo system that currently 
rules scientist-editor-reporter relations, he 
stresses that journalists should not break 
‘embargoes. But he also believes that, as he 
bluntly puts it, “The embargo should go.” 
What happened to The Lancet shows that 
the system does fracture under pressure, 
Welcome news. perhaps. 

In practice, an embargo means that the 
content of a journal is sent to journalists on 
the understanding that they will not write 
about the work until a prespecified date and 
time, Editors use the journal embargo as a 


ess 10 


Thereviewer isthe editor of The Lancet, 32 Jamestown Road, 
London NW 7BY, UK. Email: richard hortonglancetcom 
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Embargoed Science 


by Vincent Kiernan 


marketing tool to extract the maximum pos- 
sible publicity for their publications. We do 
so in the belief (or, at least, 
hope) that we have somethi 
useful to say. Kiernan claims 
that embargoes ereate and sus- 
tain an elite cadre of journals, 
a cabal of titles that exerts an 
ever-widening and unjustified 
thority over journalists. 

He goes on to argue that the control of 
information through the embargo creates a 
“impression of immediacy” But it is a mis- 
leading impression. The governing idea 
behind the journal embargo isa bad one: itis 
m to restrict, not promote, the 


Study Claims Iraq’s 


Breaking news. 


communication of science to the press and 
public. The editors of scientific and medical 
{journals have somehow assumed the power 
to decide which journalists will and will 
not have privileged access to information 
Kiernan concludes that this system is mani- 
festly against the public interest. 

My fellow editors and | usually deploy a 
well-rehearsed series of defenses at this 
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point. The embargo creates a level playing 
field for journalists. No one journalist gets 
an advantage over any other, we say. 
But who says journalism is about faimess 

Kiernan invites readers to view the “primary 
purpose” of journalism as providing infor- 
mation that citizens need to be “free and 
self-governing.” A level playing field has no 
part to play in this noble cause. 

The embargo gives time for journalists to 
research a story properly, we retort Insulting, 
suggests Kiernan (hi JF writer 
at the Chronicle of Higher Education). Jour- 

ct to complex breaking news all 
the time, Why should science and medicine be 
any different? But what is good for science 
(the production and publication of excellent 
research) is surely good for society, we bluster 
Maybe. Maybe not. That isa value judgment, 
‘one that journalists are not paid to make. Their 
allegiance is to something far higher, a cause 
independent of any one interest. 

But journalists like embargoes, 
\we editors ery. It is not us who im- 
pose embargoes on news reporters. 
Kiernan shows that this is true, hise 
torically as well as currently. The 
‘embargo was born because journal- 
ists “demanded advance access” to 


sella set 


nalists res 


scientific research. But the publish- 
‘ers of science soon realized what a 
powerful siranglchold over the press 
they had been given. They have ex- 
ploited that power ever since, 

Kiernan wins the angument about 
ly and comprehen 
ly. Embargoes do create defer- 
‘among journalists to the seien- 
tific and medical establishment 
They are artificial, perpetuating the 
work of less-skilled journalists and 
giving attention to often weak and 
dubious science, They turn jour- 
nalists away from investigating 


science as they would any other 
institution in society, 

The constant stream of embar~ 
goed news releases distracts jour- 
nalists from what they should be 
doing—namely. taking a more eriti- 
cal approach to their beat. The exis- 
tence of this embargo-driven “pack 
journalism” should be antithetical to. group 
that usually resists any authority trying to 
influence what it does. It is strange that jour- 
nalists acquiesce to the will of such powerful 
publishing organizations. 

Ifthe “tyranny” of the embargo was to 
disappear, and the “gentility” of science and 
medical journalism were to end, what would 
happen? Would the world self-destruct? 
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Much second-rate research would likely not 
get reported. Poor science journalists would 
move into less-specialized fields. Good 
rnalists would flourish and work faster. 
Nobody would mou the embargo. It’s a 
wonder we editors still defend it, But which 
‘medical or science journal will move to erase 
the embargo first? Ah, there lies the rub. 
10,1126/scence 1135374 


LINGUISTICS 


Language Learning 
Through Selection 


Jeffrey Lidz and Lisa Pearl 


veryone knows that language acquisi~ 
E«= isa protracted process. It takes a 
‘child a minimum of 3 tS years to be 
able to talk, for the most part, the way every 
cone else does. The commonsense under- 
standing of language learning is that children 
start knowing nothing about their language 
and gradually build up a system of knowl- 
cedge that enables them to communicate. 

The orthodoxy of generative linguistics, 
however, could not be more different from 
this commonsense view. Rather than build- 
ing up a language from seratch, children 
bring innate knowledge of the 
space of possible languages to the 
learning task, Language learning, 
from this perspective, involves 
mapping experience from the 
ituaige the child is exposed to 
‘onto this hypothesis space so that 
one language emerges. This per- 
spective derives from two inter 
wed considerations. First, the 
range of variation found among 
the world’s languages is surpris- 
ingly restricted, Viewed from a 
certain level of abstraction, lan- 
guages vary along a finite set of 
parameters, each with a narrowly restricted 
range of values (typically two or three). 
Second, children’s linguistic behavior ap- 
pears to be restricted along these same 
dimensions. Although children obviously 
make many errors in the course of language 
learning, many of these errors mimic the 
variation found across the world’s languages. 
Together, these considerations lead to the 
n that the learning task consists pri~ 
marily of selecting the set of parameter val- 


The reviewers are atthe Department of Linguistics, 1402 
‘Marie Mount Hall, University of Maryland, College Park, 
(MD 20742, USA. E-mail: jidz@umd.edu; Isp@umd edu 
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tues that best fitsthe language the child hears. 

‘What has been missing from the parame- 
ter-setting perspective on language learning 
isa theory of how learners use the input to 
identify the correct parameter 
values. In The Infinite Gift 
How Children Learn and Un- 
learn the Languages of the 
World, Charles Yang offers a 
popularization of his ideas 
about how this is done. 

Yang's central thesis bor- 
rows from population biol- 
ogy. where variation within a 
population is a fundamental 
feature. The insight under- 
lying his approach is that a population does 
not need to be a population of organisms in 
order for the principles of natural selection 
to apply. Instead, Yang (a computational 
linguist at the University of Pennsylvania) 
argues that the mechanisms of natural 
selection can apply to a population of lan- 
guages within the mind of a language 
learner, where a “language” is viewed as a 
set of parameter values 

To understand the application to tan- 
guages, it is first necessary to remember 
some basic principles of Darwinian evolu- 
tion, Population biology provides a formal 
basis for describing how variation within a 


population both exists and changes over 
time. Natural selection provides the driving 
mechanisms via quantified notions of 
reward, punishment, and competition. The 
key is Darwin's variational principle: ind 
vidual members of the population differ 
from each other in some specified traits, and 
the population system as a whole evolves by 
changes in the proportions of the different 
‘members in the population. The proportions 
map directly onto the probability of find 
aan organism with a certain trait in the popu- 
lation at any given time, Over evolutionary 
time, these probabilities shift 

Yang applies the variational principle 


The Infinite Gift 


directly to the population of langua; 
within the mind of the learner. Just as popu- 
lations of organisms evolve by changing the 
probabilities of organisms over evolution- 
ary time, so does the learner 
change the probabilities of 
languages over ontogenetic 
time. These probabilities shift 
indirect response to the useful 
data in the linguistic environ- 
ment, The more successful a 
Janguage is at analyzing data 
from the linguistic environ- 
iment, the more itis rewarded; 
the less successful it is, the 
more it is punished. These k 
guages are competing against each other, 
and the winner is ideally the one that pro- 
vides the best fit to the language spoken 
around the child, 

The book represents the first populariza~ 
tion of ideas coming from a new wave of 
research in cognitive science, That field has 
traditionally been divided between the rep- 
resentationalists, who propose that the mind 
is essentially a symbol-processing device, 
and the associationists, who propose that all 
behavior is driven by probabilities of dis- 
tributed neural activity. The difference here 
lies in the existence of symbols as distinet 
mental objects, The new wave recognizes 


that there is no inconsistency between sym- 
bolic computation and probabilistic compu- 
tation. Yang's ideas illustrate how these two 
styles of computation can coexist in the 
same organism. 

Much of The Infinite Gift is spent run- 
ning through a set of standard arguments 
about the complexity of language learning, 
but the last two chapters represent the real 
strength of the book. In them, Yang provide 
an easy-to-read and insightful distillation of 
how acquisition of a symbolic system can 
take advantage of the tools of probability 
theory and natural selection. 

101126sence.1135673 
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SCIENCE FOR DEVELOPMENT 


Poverty Reduction Through 


Animal Health 


Brian Perry'* and Keith Sones? 


ivestock contribute to the livelihoods of 
[ roughly 70% of the world’s poor (1), 
supporting farmers, consumers, traders, 

and laborers throughout the developing world 
(2), Furthermore, there is an increasing 
‘demand for livestock products for the growing 
and more affluent populations of many devel- 
‘oping countries, particularly in Asia (3, 4). 
\which offers new market opportunities for poor 
farmers. Animal diseases severely constrain 


livestock enterprises in developing countries 
but are not being given the attention they 
deserve by the global community 

The global animal health product mar 
\was worth $15 billion (U.S. dollars) in 20 
of which Western Europe, North America, 
East Asia, Latin America, and Eastem Europe 
held 97% of market, leaving ~3% to Africa 
and South Asia (5). OF this market, 40% was 
jon animals, and this 


targeted toward compa 


proportion is growing (6). The global veteri- 
nary pharmaceutical industry puts ~10% back 
annually into research and development 
(~S1.5 billion) (6). Public-seetor contribu- 
arch come mainly 


mal health re 
from wealthy economies 
pally their domestic priorities, such as bovine 
spongiform encephalopathies (BSEs). For 
BSEs, the research budget in the United 
Kingdom for the financial year 2008-06 was 
roughly $25.7 million (7). Compare these 
figures with the estimated $20 million allo: 
cated over 10 years by the Animal Health 
Programme of the U.K.s Department for 
International Development (DFID) to re- 
search targeted at developing countries (8) 
Animal diseases can be divided into three 
iories (9): those that (i) influence the vul- 
nerability and assets of smallholder livestock 
keepers, (ii) constrain increases in productiv- 
ity, and (ii) constrain market access. Reducing 
‘vulnerability and improving market access are 
themes that appear in frameworks developed 
by the DFID to evaluate strategies for poverty 
reduction (/0). Diseases affecting vulnerabil- 
ity are those causing high levels of mortality in 


tions to 


‘international Livestock Research Institute (LAD, Post 
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Anneed for sustained vaccination programs. Under the 
n Mozambique funded by the 
Australian Agency for International Development, a commu: 
nity animal health worker is seen vaccinating a village 
chicken against Newcastle disease, Unfortunately, the fund-  Q 


auspices of a project 


ing for that program ended in 2005, 


key livestock species important to the poor 
(such as the seasonal epidemics of hemor- 
thagic septicemia of cattle and buffalo in 
South Asia and the epidemic waves of 
Newcastle disease of poultry in Africa and 
Asia) and those causing illness in their owners 
and keepers (such as bn 
small ruminants, and pigs in many regions). 
Diseases constraining productivity include 
those that are more pathogenic in nonindige- 
nous breeds of livestock that are increasingly 
uused to improve performance [such as the til 
bome disease East Coast fever (ECF) of cattle 
in eastem and southern Africa). Diseases co 
straining market aecess include those in which 
human disease can be caused by consumption 
‘of meat or milk products (such as eysticercosis, 
in Africa, Asia. and Latin America) and 
those spread by movement of animals or live- 
stock products, such as foot-and-mouth dis- 
ease (FMD) of ruminantsand pigs. 
Many developing countries are stuck in a 
time-warp of outdated service delivery sys- 
tems that are incompatible with the needs of 
their poorer clients and are compromised by 
lequate funding. The conditions imposed 
by the International Monetary Fund and 
World Bank two decades ago on loan agre 
ments with borrowing nations precipitated 
attempts to privatize state-owned ente 
prises. This. in turn, resulted in dramatic 
cuts in social service programs, which have 


losis of cattle, 
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The global community needs to give greater 
thought and investment to building scientific 
capacity in animal health research within 
developing countries. 


never recovered, particularly in parts 
of Africa (11). 
What can sci 
uation? New, more cost-effective 
approaches to delivery of animal health 
services are critical to poverty redue- 


tion processes, with greater incorpora- 
tion of demand-led features that con- 
sider a eptability, and 
sustainability as well (/2), An essential 
component will be the growing set of 
Participatory approaches used for dis- 


case surveillance, priority setting, and 
interventions (//-15), as well as the 
srowing understanding of how innova 
tion systems can help tools reach 
the poorer sectors of society (/6). 
titative epidemiological seiences, 
in combination with economics tools, 
can aid in prioritization and in identi- 
the most cost-effective intervention 
ies (7). In addition, there are the more 
ich tools of complex systems science 


fying 
stra 
h 
modeling that show considerable promise 
(U8), although these are datashungry aninvals 
in a data-barren environment 

Vaccines are critical technologies for the 
prevention of infectious diseases (/9), and 
here science has a major role to play. Vaceines 


are available for some diseases, but for many 
they are rudimentary, inadequate, or lacking. 
Many animal diseases prevalent in the devel- 
‘oping world do not occur in the developed 
world, Of particular importance are the tsetse- 
transmitted trypanosomiases and the tick- 
borne ECF in Africa, for which safe and effee- 
ive vaccines do not exist. These are compli- 
cated infections, but because their distribu 
tions are restricted to developing countries 
and the risk of their spreading beyond Africa 
is minimal, the research investment they 
have attracted has been relatively small 
nome for Theiteria 
, has been sequenced 
new tools to approach an ECF 
should funding become available. 
But even diseases that have shown potential to 
spread to the developed world, such as African 
swine fever (ASF) and African horse sickness 
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little incentive outside Attica to develop one. 
Should ASF reemerge in Europe, countries 
‘Would likely eradicate through slaughter and 
compensation, a policy that is not an option in 
most developing countries, There is a vaccine 
against AHS. but it was developed 40 years 
‘ago and does not meet the demands for more 
effective contro! in rural African communities, 
in which equines are economically important 
for farm work and transportation (27). 

Even with diseases that clearly pose a 
slobul risk, such as FMD, the investment in 
new vaccines has focused primarily on prod- 
uucts that respond to the needs of the West, 
rather than tackling the control of the disease 
at its source, FMD-free countries require vac 
cines that induce immunity rapidly in the face 
of an outbreak (to minimize further spread), 
with the induction of a long-lasting immunity 
‘unimportant (because many vaccinated ani- 
‘mals will subsequently be slaughtered in order 
tw allow the rapid resumption of FMD-free 
‘meat and animal exports). Neither are FMD- 
free countries interested in the thermostability 
of the vaccine (as refrigeration facilities are 
ubiquitous) or even the vaccine’s price (rela- 
tively speaking), In contrast, developing coun- 
ties require vaccines that protect for longer 
(so that herd immunity can be established and 
‘maintained in the face of weak veterinary 
services), are less reliant on a chain of cold 
facilities, and are affordable, 

But there is some hope. The Welleome 
Trust and the European Union (EU) have 
recently led the funding of an initiativeto focus 
con the research needs of endemic FMD set- 
tings (22), Two years ago, the Wellcome Trust 
launched “Animal health in the developing 
world” which now funds 12 projects (23), 
including one on African swine fever. Within 
this, there is a “Livestock for Life” scheme 
that supports smaller projects to strengthen 
links between stakeholders working in animal 
health. Both these initiatives contributed total 
of $32 million to animal health research 
targeted at developing countries, which is 
impressive, but small when compared with the 
amount of money the United Kingdom is 
spending annually on BSE alone. In quite a 
different style, but with the same target audi- 
ence, is the public-private partnership in the 
international animal health-pharmaceutical 
sector called GALVmed (24), with initial 
financial backing from the U.K. DFID. This 
organization was established to respond to 
‘market failures in development and delivery of 
animal health technologies targeted at devel- 
oping countries. Although not a research 
organization per se. itis expected to fund adap- 
tive research that promotes the tailoring of 
technologies to developing country settings. 
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There is growing concern in the developed 
world about changing disease distributions, 
including potential expansion of vector-borne 
diseases asa result of global warming (25-28). 
This reflects an increasing awareness of the 
internationality of disease spread and the 
responsibility for leadership by those who 
can afford it, exemplified by the Foresight 
Programme of the U.K. government (29), 
and by the European Technology Platform in 
Global Animal Health (30). The latter aims to 
guide research in the EU over the next 10 
years and will “take into account the global- 
ized setting in which important diseases 
occur,” but will concentrate on animal dis- 
eases of priority to Europe. 

Such initiatives will undoubtedly bring 
benefits to some developing countries, but 
they will be the result of “spill-over” effects. 
The focus of these initiatives is primarily on 
developing “new technologies for shared 
problems.” which, if we judge by history, wi 
still need substantial tailoring for use in dev 
oping country environments, even if affont- 
able. It is likely that many animal diseases of 
high significance t the assets and vulnerabil- 
ity of poor rural communities, to market 
access, or to the aspirations for improved pro- 
ductivity will not qualify for such global 


attention, given the low direct risk they pose to 
the developed world. 
The capacity to develop and refine vac~ 


cines and other tools in research institutes of 
developing countries must be enhanced. One 
encouraging initiative is the creation of 
Biosciences for East and Central Africa 
(BecA) with funding from Canada (37). BecA 
hhas a hub located on the campus of the 
International Livestock Research Institute 
(ILRD) in Nairobi, Kenya, that will provide 
a biosciences research platform, researe 
related services, and capacity buildin 
great idea— but current funding is for infra- 
structure development, meaning that much 
‘work is yet to be done to secure operational 
resources and to build effective research part- 
nerships. Another promising model is the 
South African Chairs Initiative (SARChI) 
of the South African National Research 
Foundation, designed to help reverse the sys- 
temic decline in research outputsand capacity 
at national science councils and research insti- 
tutions (32). SARChL aims to create 210 new 
research chairs in South Africa by 2010. 

Despite some encouraging new initiatives, 
‘we conclude that sectors of the affluent world 
are still basing their science contributions to 
poverty reduction on self-interest. relying on 
the spillovers from investments designed pri- 
marily to protect themselves. At the moment, 
only the crumbs go to the poor. 


A 
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IMMUNOLOGY 


Antibodies Get a Break 


Jayanta Chaudhuri and Maria Jasin 


ntibodies [or immunoglobulins (Izs)] 
re produced by B lymphocytes of 


four immune syste 


any foreign substan 
are captured by a variable region at the amino 
terminus of an antibody but trigger different 
responses depending on which of the invariant 
(constant) regionsare present at the antibody’s 
carboxyl terminus. The IgM isotype isthe 
antibody made in an immune response, but 
upon e antigen, mature IgM- 
producing B cells switch to express secondary 
isotypes (IgG, IZE, or IgA) with different 
effector functions. This switch in antibody 
class requires recombination of specific DNA 
segments in the Ig locus called switeh (S) 
ions, but many aspects of the mechanisms 
of DNA breakage and joining are unclear. On 
page 377 of this issue, Zarrin et al. (7) chal- 
lenge the notion that S regions and a specific 
DNA deaminating enzyme have roles in class 
switch recombination beyond the initial intro- 
duction of DNA breaks, and argue that once 
DNA breaks are formed, they are processed 
bby the cell's general DNA repair pathways that 
promote joining of widely separated DNA 
breaks within chromosome. 

The production of antibodies initially 
encompasses the Cj constant region to gener- 
ate IgM. B cells switch Cyt for one of the 
downstream constant regions (Cy, Cat or Ce). 
to express IgG. IgA. or IgE, respectively, This 
class switch recombination occurs within the 
intronic S regions, which in the mouse range 
from ~1 to 12 kb in length and can be as far 


apart as 200 kb, A major breakthrough in 
understanding the mechanism of class switch 
recombination came about with the discovery 
of the role of activation-induced cytidine 


deaminase (AID) (2). This enzyme targets 
deoxyeytidines in S regions, leading to an as 
yet unclear mechanism of DNA breakage and 
repair to join Syt to one of six downstream S 
ions (see the figure) (3). Through a series 
‘of elegant in vivo genetic manipulations in the 
mouse, Zarrin et al, (1) show that the requi 
ment for both S regions and AID ean be 
cumvented by artificially generating double 
strand DNA breaks upstream ofthe switching 
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The process by which a lymphocyte specifies 
antibody production may have evolved by 
exploiting existing cellular DNA repairing 
mechanisms, 


‘Structure of the Ig heavy chain constant region in mouse 


ot 


Processing and joining of ONA 


O-Sce 


2 g2a woe cy 


‘Antibody structure 


Variable region 
{antigen binding) 


wren 


Heavy chain. 


‘breaks in switch regions 


Constant region 
(eitector function) 


‘Switching class. (Top) Mouse immunoglobulin heavy chain (IgH) locus before class switch recombination, 
(Bottom) Activation-induced deaminase (AID) targets deoxycytidines within the transcribed S regions (red 
arrows at Sp and S72). The deaminations lead to the generation of double-strand breaks in DNA (scissors) The 
breaks are processed and joined, leading to a switch in antibody production, from IgM to IgG1. I$ regions 
are replaced by endonuclease cleavage sites (I-Sce, the requirement for AID in antibody class switching is 


bypassed when the endonuclease is expressed, 


constant regions, These results provide strong 
evidence that $ regions have evolved to pro- 
Vide substrates for deaminase activity enroute 
to generating double-stranded DNA breaks. 
The study also challenges the notion that 
AID and § regions have roles in class switch 
recombination downstream of DNA break 
formation (4,5). 

Since the discovery of DNA recombi 
tion as the basis for Ig isotype switching (6), 
our understanding of the mechanism of class 
switch recombination has been constantly 
evolving. It is now generally accepted that 
transcription through S regions generates 
structures in which the template DNA strand 
is stably associated with nascent RNA whil 
the nontemplate DNA strand, which is rich 
with deoxyguanosine (dG), is “looped out.” 
AID acts primarily on the nontemplate DNA 
strand, altering dC to dU. The mismatch 
between the generated dU and dG on the 
template DNA strand is then processed by 
components of the cell’s base excision and 
DNA mismatch repair pathways to generate 
double-strand DNA breaks in the S regions 
(7). Double-strand breaks between the two S 
regions are brought together. or synapsed, 
and then ligated, possibly by components of 
the cellular machinery that joins the ends of 
nonhomologous DNA (3). During this join- 
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ing process, $ regions can also undergo 
intra-S region deletions, probably reflecting 
AID activity on an S region that is. not 
synapsed with another S region. Several pro- 
teins of the double-strand break response 
pathway have been implicated in Ig class 
swwiteh recombination, including the phos- 
phorylated histone H2AX (7H2AX), ataxia 
telangiectasia mutated (ATM), and S3BP 1 
(8). Defici in these proteins impair 
class switch recombination without affeet- 
ing intra-S deletions, suggesting that the 
recombination defect might be due to 
defect in synapsis. Notably, specific mut 
tions in AID severely class switch 
recombination without alterin, del 
tions, indicating that AID itself might partie- 
ipate in synapsis (4). 

To address the potential roles of AID and S 
regions in synapsis, Zarrin ef al, took advan- 
of the yeast endonuclease I-Scel (9), 
which has no known cleavage sites in the 
mouse genome and which has been widely 
used to study double-strand break repair in 
‘mammalian cells (/0). Manipulations in the 
S regions were done in mouse embryonic 
stem cells that contain two distinguishable 
immunoglobulin heavy chain (IgH) alleles (a 
cell has two alleles for each gene. one from 
each parent), [gH* and [gH®, All mutations in 
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the S regions were incorporated into the IgH* 
allele. This allowed assessment of class 
switching of the mutated IgFPallele relative to 
that of the wild-type IgH® allele fier the gen- 
eration of mature B cells, Zarrin et al. gener- 
ated mutations in which one (Syl) or both (St 
and Syl) S regions were each replaced by two 
nearby I-Scel endonuclease cleavage sites. 
When mouse splenic B cells or B cell hybrido- 
‘mas (B cells engineered to grow indefinitely) 
expressed the I-Scel endonuclease, [xG1* pro- 
duction was observed at ~10 to 20% the level 
observed in cells with wild-type S regions. 
Because B cell hybridomas do not express 
detectable AID, Zarrin ef al. could bypass 
the requirement for both the deaminase and 
S regions by artificially generating DNA 
double-strand breaks. 

‘Two other notable results were obtained. 
Although deletions between two nearby 
L-Scel cleavage sites—reminiscent of intra-S 
region recombination—oceurred more f 
quently than class switching involving distant 
cleavage sites, the frequency of these short- 
range deletions (up to ~0.5 kb) was only ~10 
times that of the long-range deletions (~100 
kb) that occurred during class switching. 
Moreover, S-region transcription could be dis- 
pened with. 

‘These striking results raise several interest- 
ing questions about the role of both S regions 
and AID in class switch recombination, The 


frequency of class switching in the Zarrin et 
al, system is much higher than has been seen 
for joining two double-strand DNA breaks on 
heterologous chromosomes (/). Does some 
unknown component of the IgH locus provide 
sites for synapsis that promote DNA joining 
during recombination, or is the joining of two 
distant breaks on a single chromosome more 
frequent than might have been expected? If 
the latter, perhaps joining is promoted by 
components of the double-strand break 
response pathway such as S3BPI and YH2A3 
‘which may spread a megabase from the break 
sites (/2). Although the requirement for S- 
region transcription is bypassed in the system 
used by Zarrin ef al. (at least at Syl), is elass 
switching still dependent on activation of 
other B cell-specific elements involved in 
gene expressio 

B cells orchestrate a complex series of 
events for class switch recombination, rather 
than simply providing site-specific endonu- 
leases (like I-Scel) to cleave DNA that lies 
upstream of constant regions. It may be that 
involving a specific deaminase and control- 
ling its access to DNA by transcription pro- 
Vide the necessary level of regulation for 
choosing which of six downstream possible 
regions to use. Moreover, cleavage by the 
yeast endonuclease did not result in normal 
levels of class switching. Perhaps the multiple 
DNA lesions throughout the long 


provide the necessary amount of damage to 
promote normal levels of class switch recom- 
bination, Finally, it may be that AID and/or S 
regions do have a role in synapsis in the con- 
text of normal class switch recombination, 
sand that in the absence of these agents, a high 
proportion of double-strand breaks are chan- 
neled into DNA translocations, The approach 
designed by Zarrin et al. will now allow these 
questions to be addressed. 


References 
1. A.A atin et ol, Science 315, 377 (2007 published 
‘online 1¢ December 2006 (10:1126/cience,1136380), 
2, M. Muramatsu eto, Cll 102, 553 (2000). 
3. J.Chaudhur, EW. Alt Nat. Re. Immunol. 541 
(2004) 
4. V, Bate, 8. Reina San-Martn, AR Rami, KM. 
McBride, M,C. Mussenwelg, Mol Cell 12, $01 (2003). 
‘5. ED. Larson, ML. Ouquete, W.) Cummings, Strei, 
W. Mates Cure Biol 35, 470 (2005). 
46, T. Hon T ataoka, Proc. Nat Acad, Sci USA. 75, 
2140 (978, 
7, S.K Petersen abt, RS. Haris M.S, Neuberget, 
Notre 448, 99 (2002) 
| 5. Franca, WA. P Manis, ONA Repair Amsd 5, 
10302006), 
9, LColleoue L D'Auria F Galibert, B,Dujn, Proc. Nat 
Aeod Sci USA BS, 4022 (1988), 
10, P-Roue, Sm M. Jasin, Proc. Mot Aco. Sci, USA 
‘91, 6064 (1994 
11. Dik Weinstock, 8. itt, M. asin, Blood 107, 777 
(2006). 
112. EP, Rogakou,C. Boon, C. Redon, WM. Bonne) Cel 
Biol. 146, 905 (999. 


Published onine 14 December 2006; 
10.1126/science 1138091 
Ince this information when citing this paper. 


NEUROSCIENCE 


Is More Neurogenesis 


Always Better? 


Holen E. Scharfman and Rene Hen 


‘mammatian brain could not generate 

‘new neurons, but during the 1990s, that 
concept changed. Evidence of the birth of new 
‘neurons inadult mammals, including humans, 
raised expectations for improved treatment for 
patients with central nervous system injury or 
illness. But this enthusiasm has been tem- 
pered since then, as more recent studies indi- 


Fz sit was believed that theadult 
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cate that excess adult neurogenesis can be as 
detrimental as a deficit. In some cases, the 
clinical relevance of increasing neurogenesis 
may need to be reconsidered. 

Neurogenesis in the normal adult mam- 
malian brain is primarily limited to three 
areas: the subventricular zone, hippocampal 
rus, and olfactory bulb (/). The 
tion that this is true in humans, at 
least in the hippocampus (2). together with the 
findings that neurogenesis can be increased in 
laboratory animals by learning. exercise, and 
antidepressants and decreased by stress and 
aging (/), reinforced the expectation that neu- 
rogenesis might be clinically beneficial. 
Moreover. additional sites in the adult brain— 
the cortex and hypothalamus—demonstrate 


The clinical relevance of increasing neurogenesis, 
in the adult mammatian brain is being 
{questioned as increasing the number of new 
‘neurons has positive effects on some brain, 
functions but not others. 


ongoing neurogenesis (3, 4), although this 
remains controversial (5), However, we now 
know that neurogenesis in the adult brain 
occurs at a very low rate after maturity, and 
many of the new neurons do not survive for 
Jong (6). Thus, new neurons born in the adult 
brain may support plasticity on an acute time 
scale because of their increased excitability 
(7) but have limited long-term restorative abil- 
ity. Such transient existence of new neurons 
should not necessarily dampen therapeutic 
potential. Survival of new neurons increase 
with benign interventions such as learning 
and enriching the environment (/), Dormant 
stem cells may also exist throughout the brain 
(8). These cells could potentially be stimu- 
lated to mature in pathological situations or 
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afier pharmacological interventions. Indeed a 
possible reason for the beneficial effects of 
rehabilitation or psychotherapy may be that 
treatment increases survival of new neurons. 
But an increase in neurogenesis may not 
always result in improved function, Recent 
studies show surprising limitations in the 
Ways new neurons in the adult brain can 
improve function, For example, dentate gyrus 
neurogenesis influences some hippocampal- 
dependent behaviors in laboratory animals, 
but not others. Speci- 
ally, thereare positive 
effects on trace and con- 
textual fear condition 
ing, but not on spatial 
leaming (9-11), Animals 
Without new neurons 
also perform better in 
certain working mem- 
ory paradigms (12). 
Specifically, mice that 
are devoid of neuro; 
nesis due to irradiation 
‘or genetic ablation dis- 
play improved memory 
ina radial maze, but 
‘only when repetitive in- 
formation is presented, 
Therefore, manipulations 
that inerease neurogen- 
esis may have positive effects on some 
behaviors but negative effects on others. In 
addition, improved function may not always 
be caused by increased neurogenesis. For 
example, some of the behavioral effects of 
‘enriched environment and antidepressants are 
independent of their influence on hippocam- 


‘rate cll ayer 


pal neurogenesis (/3). So despite increasing 
experimental support for an 
influence of ne 


specific behaviors, itis not yet 
clear how these effects may 
translate into clinical benefits. 

Neurogenesis under patho- 
logical conditions also indi- 


Antidepressants (19, 20, 22) 


"Secs 


eMareGrUS 


‘Acute changes (days) 


promote neurogenesis (brain-derived neuro- 
trophic Factor, vascular endothelial growth 
factor, insulin-like growth factor, fibroblast 
growth factor 2, and neuropeptide Y), 
there may be a rapid response of the 
brain to damage that reflects a recapitula- 
tion of developmental programs, However, 
the acute increase in neurogenesis and 
associated growth-related 
changes are often tran- 
sient, limiting their influ- 
cence, Indeed after an acute 
increase in neurogenesi 

there may be a protracted 
decline in the rateofneuro- 


reuptake inhibitors 


cates limits to the utility eee genesis (see the figure), 
‘of new neurons in improving banal ‘and this could contribute 
brain function, A common hairs to what is often an in- 
theme is that neurogenesis Cognitive enhancers (23) tractable clinical condition. 
increases after injury to the Galantamine Increasing neurogene- 
central nervous system (4). Memaetin sis may not always be 
This could be considered Teermyectenl beneficial in the context of 
restorative, and findings such etamine pathology. New neurons 
as the migration of new neu- Steroids (2, 22) may not develop, migrate, 


rons to the site of damage, 
at least in animal models 
of stroke (/5, 16), support 
this view. Because pathologi- 
cal conditions also increase 
the production of factors that 
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or integrate correctly, as 
in animal models of 
temporal lobe epilepsy. 
In such models, severe 
prolonged seizures (status 
epilepticus) are followed 
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Chronic changes (weeks/months) 


‘Adult hippocampal neurogenesis. Acute and chronic changes in rat brain neurogenesis ater severe seizures parallel changes 
observed in temporal lobe epilepsy. (Let) Most progenitor cells typically become granule cells that migrate to the granule cel layer. 
(Center) Seizures rapidly and transiently increase the rate of neurogenesis and expression of growth factors that influence neuro- 
genesis. (Right) Ectopic migration of new neurons may result in abnormal neuronal connections. Neurogenesis in aboratory animals. 
and humans may decline at later times, but some ofthe neurons that were bor inthe acute period pe 
and growth factor levels, together with abnormal new circuitry, may contribute to the chronic condition, 


Reduced neurogenesis 


not only by robust increases in numbers of 
new granule neurons in the dentate gyrus, but 
also by inappropriate migration, differentia 
tion, and integration of many of these new 
neurons (see the figure) (17). This may con- 
tribute to persistent seizures in animals, and a 
similar process may occur in some patients 
\ith intractable temporal lobe epilepsy (/8). 
Some commonly prescribed drugs have 
robust effects on neurogenesis, These include 
antidepressants and mood stabilizers (see the 
Table). Indeed, some of these treatments may 
ameliorate symptoms because of their effects 
‘on neurogenesis, as suggested by studies 
animal models (/9, 20). Specifically, the 
behavioral effects of selective serotonin reup= 
take inhibitors and tricyclic antidepressants 
were blocked in two rodent models of anxi- 
ety/depression by radiological and genetic 
ablation of neurogenesis in the dentate gyrus 
(19), How do changes in hippocampal fune- 
tion, presumably caused by neurogenesis, 
affect mood or anxiety? Although the answer 
to this question is not clear, ablation of the 
ventral hippocampus can alter mood, presum- 
ably because of its connectivity with limbie 
structures such as the amygdala, the prefrontal 
cortex, and the nucleus accumbens (2/). 
Although neurogenesis occurs throughout 
life, its clinical potential remains unclear in 
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some eases. While there is some evidence that 
strategies to increase neurogenesis may lead to 
the development of new therapeutics such as 
antidepressants, decreasing neurogenesis may 
be beneficial in other cases, such as epilepsy: 
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GEOCHEMISTRY 


Fuel for Plate Tectonics 


Nathalie Bolfan-Casanova 


Ur understanding of plate tectonics 
O== on the concept of relatively 
rigid rocky plates moving on a more 
ductile shallow mantle called the astheno- 
sphere (/). The word asthenosphere comes 
from the Greek"a-sthenos” meaning “without 
strength.” This lack of strength especially 
affects seismie waves, which slow down when 
entering the asthenosphere (see the figure). 
For decades, Earth scientists have tried to 
understand the reason for this seismic wave 
deceleration. On page 364 of this issue, 
Mierdel ef al, (2) report new experimental 
findings on the maximum amount of water 
that can be stored by the shallow mantle. 
These results may solve a number of riddles, 
including the cause of the seismic slowdown. 
Why is water important? Water not only is 
essential to life but also controls the dynamics 
of Earth’s interior (3). Since the 1990s, geolo- 
ists have recognized with increasing certainty 
that mantle minerals can hold substantial 
amounts of water. This implies that the oceans 
may no longer be the main water reservoir of 
Earth, But water does not necessarily have tobe 
fluid to be stored in the deep Earth, Rather, it 
dissolvesas hydroxyl (OFF) in anhydrous min- 
eras (such as olivine, pyroxenes, garnet, and 
their high-pressure forms) as a result of the 
association ofa proton (H*) with oxygen of the 
mineral lattice. This ereates a defect inthe lat- 
tice and thereby speeds up the kinetics of phys- 
ical properties that depend on the concentration 
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of defects. Even at very low concentrations 
lower than 1% by weight—the presence of 
\Water has many consequences for mantle prop 
cetties such as creep and electrical conductivity 
(4.5). When present in minerals as a defect, 
\water will enhance the deformation of rocks 
and make them more ductile. Dissolved as H" 
in minerals, water will also increase the electri 
«cal conductivity of the mantle by adding mobile 
charges. Water also lowers the meting point of 
mantle rocks and allows melting at greater 
depths than in the absence of water. 

To understand how water affects mantle 
properties, we need to know how much water 
«can be stored in mantle minerals and how this, 
storage capacity varies with inereasing depth. 
Researchers have firmly established that the 
solubility of water in minerals inereases with 
pressure and water partial pressure (6). The 
Water storage capacity of Earth’s upper mantle 
(extending from the base of the erust down to 
the transition zone at 410 km depth) was 
thought to increase monotonically with depth. 
Moreover, in a mantle consisting of 60% by 
volume of olivine. this mineral was believed 
to be the one that dictates the water budget. 

The results of Mierde! ef af. completely 
change the picture: Water storage capacity in 
Earth’s shallow mantle is controlled. by 
orthopyroxene, a less abundant phase than 
olivine, because water solubility in this phase 
is more than two orders of magnitude higher 
than in olivine. The reason for this is composi- 
on. The enhanced affinity of pyraxenes for 
‘water is indeed aided by aluminum through 
the coupled substitution of 2AP* + 2H* for 
2Mg® +Si**, which is a very efficient way to 


Water storage in Earth's mantle causes seismic 
waves to slow down when passing through 
Earth’s interior 


Shear wave speed (kms) 
, of ey. eG 


Seismic speed bumps. Schematic shear wave 
speed profile across Earth’s mantle. 


store up to 1 weight % water in MgSiO, 
‘orthopyroxene. 

Mierdel et al. also show that the curve of 
‘water saturation versus depth has a pro- 
nounced minimum between 100 and 200 km. 
Indeed, the water storage capacity of pyroxene 
with substituted aluminum is dependent on 
the acceptance of the large aluminum cation 
into the small tetrahedral site of silicon, the 
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size of which diminishes as a function of 
increasing pressure because of atomic com- 
paction. This leads to the drastic change of 
water solubility in pyroxene at pressures 
between 3 and 5 GPa, corresponding todepths 
‘of 100 to 175 km. Depending on the tectonic 
environment and the temperature, the mini- 
mum in solubility is shallow in the ease of the 
‘oceanic mantle but deepens in the case of the 
colder continental mantle. 

‘Still, what are the physical and chemical 
changes that ereate the deceleration of seismic 
\waves and the mechanical distinetion between 
brittle lithosphere and ductile asthenosphere? 
Early models have invoked the presence of 
molten silicate to explain the reduced shear- 
wave velocity because these waves do not 
travel through liquids (/). This explanation 
\was abandoned for two reasons: (i) To have an 
effect on wave propagation, the melt should 
form films lapping the boundaries between 
the solid grains, which is not the case; and (ii) 
the presence of excessive amounts of melt 
required to effectively reduce the viscosity of 
the asthenosphere, The most aecepted expla- 


nation of mineral physicists has thus been that 
the asthenosphere is weak because it is 
hydrous and not because it is partially molten. 
Because the melt has an affinity for water that 
is 1000 times that of the minerals, melting 
does not occur in the asthenosphere as it 
would dehydrate the mantle (7, 8). 

The consequence of this drying out would 
be that minerals become stiffer and deform 
less in response to convective flow. Such a 
model implies that the lithosphere-astheno- 
sphere boundary limits the storage capacity of 
the mantle; this model would be in agreement 
with the interpretation of the electrical conduc- 
tivity of the mantle. The oceanic mantle where 
theasthenosphere is shallower is more conduc 
tive than the adjacent continental lithosphere, 
which is deeper and less conductive (9). 

Mierdel et al. conclude that melting must 
‘occur in the asthenosphere because their mini- 
mum in water storage capacity coincides with 
the depth of the low-velocity zone. This is an 
additional argument to constrain the water con- 
tent in Earth smantle. and yields a minimum of 
(0.07% weight occurring around 100 km in the 
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‘oceanic mantle. These conclusions agree with 
recent observations of the melting depth of a 
hydrous mantle (/0) and further imply that 
melting starts deeper, in the zarnet stability 
field. Thus, these findings show how mantle 
properties suchas viscosity, melting, and difter- 
‘entiation are tied t its water storage capacity. 
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NEUROSCIENCE 


A Push-Me Pull-You Neural Design 


William 8. Kristan 


‘works of neurons producing behav 
N= outputs ean be both excitatory 

and inhibitory—that is, they ean acti- 
vate or block the activity of their target neu- 
rons. The important interplay between these 
two opposing effects in the mammalian cen- 
tral nervous system hasbeen recognized for at 
least 100 years, ever since Nobel laureate Sir 
Charles Sherrington investigated leg reflexes 
controlled by spinal cord motor neurons in 
cats (/), We now know that there is continual, 
intermixed chattering of inhibition and excita- 
tion in many parts of the mammalian brain, 
including the cerebral cortex (2, 3), that main 
tains a balance between responsiveness and 
stability (4-6). On page 390 of this issue (7), 
Berg ef al. show the very surprising result that 
the rhythmic input onto motor neurons during 
scratching behavior in turtles excites and 
inhibits networks of motor neurons not alter- 
nately, as expected, but in phase, This syn- 
chronization of simultaneous excitation and 
inhibition—pushing and pulling at the same 
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time—appears to be counterproductive and 
wasteful. What possible function might it 
serve? To understand the possible importance 
requires a brief excursion into some other 
functions of neural inhibition. 

John Eccles and colleagues recorded 
the first inhibitory synaptic potential, in a eat 
spinal motor neuron, in 1952 (8). Since then, 
inhibition —a block to signal transmission 
through a neuron—has been found all over the 
central nervous system. For example, stimu- 
lating input from neurons to the mammalian 
cortex produces an initial direct excitation of 
target neurons followed quickly by strong 
indirect inhibition (9). The auditory systems 
of many animals have taken advantage of the 
relative timing difference of the excitation and 
inhibition elicited by neural signaling path- 
‘ways from the two ears to determine the loca- 
tion of sound in space (/0).. 

In a different network arrangement, a sin- 
gle source of neuronal activity ean excite one 
population of neurons and inhibit another (see 
the figure) to activate one behavior and turn 
off others. The nature of the connection pat- 
tern found in the turtle scratching reflex ci 
cuit, which Berg er al. investigated, differs 


How do spinal neurons control patterned motor 
‘output? A balance in simultaneous excitation 
and inhibition of neuronal circuits produces 
tthythmic activity that drives motor behavior. 


from this behavioral choice connectivity pat- 
tern in that the excitation and inhibition ontoa 
neuronal target overlap completely in both 
space and time (see the figure). In this confi 
uration, the tanzet neuronal network is eff 
tively a comparator: It isactive only when the 
input carried by the excitatory pathway i 
greater than that from the inhibitory one 
and the magnitude, and even the qualitative 
nature, ofits response will vary with the mag- 
nitude of the difference, 

Berg et al. show that the input onto turtle 
‘motor neurons during the scratching reflex is 
oscillatory (from an input neural network that 
isa central pattern generator for scratching), 
with excitation being somewhat stronger than 
inhibition. In this mode, the target spinal 
motor neurons produce bursts of impul 
(spikes) in phase with the synchronous excita- 
tory and inhibitory bursts. At first glance, 
there would be no practical merit to having 
nearly equal input from excitatory and in- 
hibitory inputs, The resultant activity of the 
target neuronal network would be the same i 
its total input were entirely from a much 
weaker excitatory input (see the f 
litte reflection shows that this is not accurate. 
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Neural circuit designs. in simulated recordings of neuron activity, time runs left to right and the vert 
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blips represent action potentials (spikes) within the bursts of activity inthe individual neurons. (Top) It a sin- 
‘le input excites one neural network and inhibits another, it can turn one target network (pattern generator) 
‘on, resulting in alternate bursts of activity, and turn the other off. (Bottom) If there is excitatory and 
Inhibitory input from a rhythmic pattern-generating circuit (shown fs circuit of two neurons) onto a single 
target neuron, such as a motor neuron, the magnitude of the target's response depends on the relative 
strengths of the inputs, When excitation is much stronger than inhibition, the same input from the neural cir- 
‘uit produces more spikes per burst. When the excitation is slightly stronger, the target's response is dimin- 
ished. When there is no inhibition a al, the target's response increases—the same amount of excitatory 


input can produce a large output in the target neuron. 


Both signaling pathway's increase the target 
neuron’s electrical conductance (i.e, it be= 
comes leakier to electric current), and it is 
therefore in a very different state when excita- 
tory and inhibitory inputs are both active than 
it would be if the input were exclusively a 
‘weaker excitation, 

Because the conduction of action poten- 
tials along axons and the consequent chemical 
synaptic transmission are expensive energeti- 
cally (11), there must be a strong benefit 
gained from simultaneous stimulation by 
inhibitory and excitatory sources. The reason 
proposed by Berg et al. is to randomize the 
timing of the spikes produced by different 
motor neurons to provide the muscles with 
a smoother excitation, and thus to produce 
smoother reflex responses. The authors pro- 
vide several pieces of data in support of this 
hypothesis. For instance, they show that the 
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intervals between spikes become more regular 
when inhibition to the motor neurons is 
blocked pharmacologically. 

Although convincing. this mechanism 
seems to be a long walk fora short drink. One 
can imagine a number of mechanisms with no 
involvement of inhibition that would do 
equally well at smoothing the motor response, 
including slow decay times in the motor neu- 
ronal membrane, asynchrony in the excitatory 
inputs to the motor neurons, or variability in 
synaptic transmission, In fact, nervous sys- 
tems are usually faced with just the opposite 
problem: how to maintain timing accurately in 
the face of variability in ll the components of 
complicated neuronal circuit. Ultimately, the 
decoder of the motor neuron activity—the 
contraction of muscles—may not be affected 
very much by such subtleties as the degree of 
regularity in the motor neuronal spike bursts. 


{It may be that competing excitation and 
inhibition in a network are used for more 
interactive functions. Studies of seizures 
emphasize the need for inhibition to avoid the 
system's “blowing up.” because there isa great 
tendency for neural systems with too much 
excitation to go into a maximal activity state 
(4,6). In general, neuronal circuits with both 
excitation and inhibition are better able to con- 
trol their level of activity because they have a 
broader dynamic range (5), They can thus 
change their gain more effectively than can 
purely excitatory networks. One consequence 
of this broader range of control may be that 
sensory input from a source that is external to 
the circuit, or parallel input from other behav- 
ioral circuits (onto either the excitatory or 
inhibitory pathways that impinge on the target 
motor neuron), can be integrated more 
smoothly into the ongoing activity of the p 
mary circuit, These additional possibilities, 
however, do not detract from the one model 
proposed by Berg et al, In fyet, a major 
strength of the turtle seratch reflex system is 
that the whole system—from sensory input 
through the central pattern generator to motor 
neuron output (/2)—is much more tractable 
than is cortical brain activity, for instance, The 
turtle system, or other spinal cord locomotory 
networks. should provide a good test bed for 
approaching the many possible reasons for 
having cojoint inhibition and excitation, 

The findings of Berg ef af. are jarring 
because they provide clear evidence for an 
unlikely cellular system architecture in a 
completely unexpected place. This elicits 
both practical thoughts (Is there something 
like this in other neural systems?) and theo- 
ones (What else ean sucha mechanism 
sure signs of a particularly interesting 
piece of work. 
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ECOLOGY 


Managing Farming's Footprint 


on Biodiversity 


Tim G. Benton 


‘anagers of both agricultural re: 
sources and conservation areas 
increasingly need to know how 


environmental change will affect poputation 
size. However, the biological mechanisms 
that link changing environment to changing 
population size, through changes in an org 
ism’ fife history and demographic rates, are 
often highly complex (/). Gathering sufti- 
cient data to build a detailed model to predict 
4 species” response to environmental change 
is far from trivial, and we may not have the 
luxury of spending years collecting biologi- 
cal information or of simply mitigating the 
change by creating nature reserves (2). On 
page 381 of this issue, Butler etal. (3) intro- 
duce a simple risk-assessment framework 
that can predict the impact of environmental 
change on biodiversity. Although the authors 
applied it to predicting species’ responses 
to agricultural management, it is a general 
‘method for risk assessment. 

Biodiversity management in an agricul- 
al setting has recently become a focus of 
conservation biology. About 37% of the glob- 
ally available land area is agricultural, and a 
predicted additional 10” hectares of land 
will be required by 2050 to produce the 50% 
increase in production required (2, 4. 5). 
‘Thus, a substantial proportion of total biodi- 
versity is associated with farming and, given 
that agricultural intensification has reduced 
biodiversity (6-9, it is under considerable 
threat. Biodiversity on nonagricultural land is 
also affected by the quality of farmland as it 
forms the landscape matrix between frag- 
‘ments of suitable habitat. Degradation of the 
matrix through agricultural intensification 
can therefore affect species’ dispersal 
between patches and hence the survival of all 
the local populations ina region (/0), 

During the 1970s and 1980s, a marked 
decline in the abundance of species that are 
strongly associated with farmland, especially 
birds, created considerable alarm (9). So great 
has been the public concern at the potential 
loss of agricultural biodiversity that govern- 
‘ments have begun to channel resources into 


The author sat the Institute of Integrative and Comparative 
Biology, University of Leeds, Leeds 52 9]T, UK. 
Email Lg benion@leeds acuk 


wwwsciencemag.or 


vl 

g 

$11 

3 io} 

2 

209, 

Sos 

Bor 

z 

os : 

i : 

20: mm 

er 
0 wooo 260020100 

Tine 


Estimating the risk. Decines in the 
‘community of farmland birds in the 
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simple risk-assessment model that predicts 
the effect of environmental change on farmland 
biodiversity may be more generally applicable 
to analyzing the effects of environmental 
changes on populations. 


United Kingdom are described by Foraging habitat MIS agave Negative 
the Farmland Bird index (FBI). How cen 
‘an we predict what intervention wil Nesting habitat AOS agate 


fulfill the government's pledge to 
reverse the decline by 2020? Butler 


etal, outtine a very simple method of risk analysis. Conceptually, this involves producing a matrix of basic 
ecological requirements and estimating a weighted sum ofthe negative effects an environmental change may 
have (uch as the tabulated example for increasing pesticide usage. Tis risk core is strongly correlated with 


the population dectine for each species that makes up the Ff 


with change in management, 


mitigating the effect of intensive agriculture. 
The major policy instruments have been to (i) 
decouple the relation between price support 
(subsidy) paid on the basis of yield in favor 
of support based on the area farmed—redui 
ing the incentive for farmers to maximize 
‘outputs, and (ii) introduce voluntary schemes 
in which farmers are reimbursed to unde 
take practices aimed at benefiting biodive 
sity—so-called agri-environment schemes 
such as retiring land from production ("set 
aside”) or leaving field margins uncropped. 
In total, nearly $5.25 billion is spent annu- 
ally on agri-environment schemes in Europe 
and North America (10). The importance of 
positive intervention is indicated by. for 
example, the UK government's commitment 
to reverse the population declines of farmland 
birds by 2020 (see the figure). Given the way 
agriculture is set to change in the future 
(by both increasing food production and 
diversifying into nonfood crops). the impact 
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and can be used to predict how it wil change 


of agriculture on global biodiversity 
the money now being spent on mitig: 
ing agriculture’ effects, it is increasingly 
important to predict biodiversity’s response 
to agricultural change. 

Predicting any population's response to 
aan environmental change is difficult, and not 
simply because of inherently complex biol- 
ogy. A population's response depends also on 
the web of interactions within its habitat (//) 
and. as we are increasingly recognizing, local 
biodiversity is also influenced by different 
factors at different spatial scales (12, 13), 
Constructing a detailed, mechanistic, cut- 
ting-edge population model [e...(/4)] 
‘may take so long that it neither produces an 
answer to a policy-led question within the 
policy-makers” required time frame nor pro- 
duces a sufficiently general answer (/5). So 
‘what is needed isa simple approach to allow 
risk assessments of the effects of environ 
‘mental change on populations, an approach 
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that is quick to implement, not spatially 
restricted, able to assess the impacts on mul- 
tiple species, and usable where existing data 
may be of sufficient quality or quantity. 
Nirvanas, even modeling ones, are the stuff 
of fantasy, but are there shorteuts to produce 
41 pragmatically useful, “quick and dirty” 
risk-assessment approach that produces 
answers that are good enough? The answer, 
somewhat surprisingly, seems to be “yes,” 
accordil o Butler et al. (3). 

Like many good ideas, this approach i 
elegantly simple: What proportion of an 
organism's habitat requirements. will be 
affected by any given environmental change? 
Binds inhabiting farmland require only a few 
types of resource: somewhere to nest, some: 
Where to forage in summer and winter, and 
food to be available in each foraging habitat. 
‘Typically, we know enough about a species’ 
biology to estimate whether a given environ 
mental change (.g., a switch from spring to 
winter sowing) will have a negative impact 
on the abundance of dietary items or the 
amount of foraging or nesting habitats. The 
species’ risk depends not on only the number 
of negative impacts but also on its special 
tion on the resources: this is incorporated 
io the risk score by a simple weighting f 
tor. The risk seore in response to six histori- 
cal agricultural changes was estimated for a 
sample of 57 United Kingdom bird species 
found on farmland. This simple score is 
remarkably well correlated with the rate of 
population change over the past 40 years 
(and thus with the species’ conservation sta- 
tus) and does as well as, or better than, a 
range of much more complex formulations. 

Having developed the methodology. 
Butler et al, (3) illustrate its use with an 
assessment of how farmland birds- may 
respond to two changes in the farmed envi- 
ronment. First, the widespread introduction 
‘of two species of genetically modified herbi- 
cide-tolerant crops is predicted to have little 
effect, a result that may contribute to public 
acceptance of such tops, Second, a 2005 UK. 
agri-environment scheme offers a wide range 
of options, but those most commonly taken 
up affect the management of hedgerows and 
field margins. The risk assessment identiie: 
\within-crop habitat asthat whose degradation 
most strongly affects population size. Birds” 
reliance on cropped areas is so strong that 
population declines in half to two-thirds of 
species will not be reversed by the wide- 
spread margin management resulting from 
fi current choices. For the scheme to 
reverse declines, farmers should be more 
strongly encouraged to take up options that 
address the drivers of change. 


This framework not only applies to birds 
but also can be used on any species or groups 
of species whose habitat and resource 
requirements are known and for whom the 
impacts of any environmental change can be 
estimated. The targets could be species of 
conservation concern or species that provide 
ecosystem services (such as biocontrol oF 
pollination), and the environmental change 
could be a management ora climate change 
Predicting population change will always be 
an inexact science (6), but this approach is so 
imple that it will provide a very useful first 
approximation. A quick answer that is good 
enough may be more influential on policy 
than a better answer supplied years later. 
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MATERIALS SCIENCE 


Ordering Up the Minimum 
Thermal Conductivity of Solids 


K.E. Goodson 


Disorder usually interferes with heat conduction in most materials, but an exception has been 
found for insulators made from multiple layers of crystalline tungsten selenide. 


hough record-high thermal cond 
A: ities in ordered materials such as 
diamond and carbon nanotubes have 
captured headlines (/. 2), a few researchers 
have pursued materials with the minim 
thermal conductivity. Although the best the 
mal insulators are porous (like styrofoam), 
many applications require electrical and 
mechanical properties that are only available 
in fully dense materials. The best nonporous 
insulators are amorphous dielectrics, which 
have conductivities as much as four orders of 
magnitude less than that of diamond (3. 4). 
‘On page 351 of this issue. Chiritescu et al. (3) 
report a breakthrough value nearly an order 
‘of magnitude lower still for WSe, films. The 
material combines the thermal conductivity 
of a porous insulator with a density near that 
of copper (see the figure). In addition, the 
conductivity of the WSe, films increases 
after ion-irradiation damage. undermining 
the assumption that more disorder is better in 
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the quest for the worst heat conductor. This 
finding promises improved, dense thermal 
insulators for gas turbine engines, thermo- 
electric refrigerators and power generators, 
and thermal data storage devices, 

The highest thermal conductivity in a 
given material is generally achieved through 
crystalline order. Many of the best room- 
temperature heat conductorsare ery’stals with 
high speeds of sound (like diamond and sil 
con carbide), in which atomic vibrations 
(phonons) carry energy hundreds of nanome= 
ters before attenuation. Ordered erystals pro- 
vided early successes for the phenomenok 
ical phonon transport theory. which relate: 
the thermal conductivity to the mean free 
path and heat capacity contributions of 
phonons [e.g...(6)]. Even today. with molecu- 
Jar dynamic simulations capturing the essen- 
tial physics of conduction, phonon transport 
theory is helpful for interpreting the impact 
of localized disorder in crystals. 

The minimum thermal conductivity is 
found in amorphous dielectrics. Atomic- 
scale disorder in these solids attenuates vibra- 
tional waves within a few angstroms, Con- 
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ductivity modeling for amor- 
phous materials has roots in 
the Einstein heat conduction 
model, in which atoms behave 
asoscillators with random phase 
and the vibrational attenuation 
length scale is near the inter- 
‘atomic separation, When this 
approach is recast with the 
Debye heat capacity and a 
mechanistic scale equal to 
jonal wavelength, 
predictions agree 
with data for a broad variety 
‘of amorphous glasses (4). 


8 


Room temperature thermal conductivity (W mK) 
& 


PERSPECTIVES E 


example is thermal barrier 
coatings for gas turbine 
blades, which require ther- 
‘mal insulation from com- 
busting flows (10), Achieving 
mechanical strength, high- 
temperature stability, and 
high resistance to radiative 
transfer will be key chal- 
lenges for the new class 
‘of thermal insulators in this 
application. Phase change 
memory technology, which 
uses electrical current and 
heating to alter the stored 


Porosity is another route to low 
conductivity, Low-density xero- 
gel films, for example, have 
conductivities well below 0.1 
War! K-!(7), However, poros- 
ity strongly degrades other 
properties, including mech- 
‘nical stiffness and electrical 
conductivity 

More recently, systematic layering of 
materials has reduced the conductivity. 
Material interfaces scatter atomic vibra- 
tional waves and can strongly limit the 
phonon mean free path. Phonon scattering at 
interfaces reduces the thermal conductivity 
and improves the thermoelectric properties 
(8), Multilayers of disordered materials lead 
to further conductivity reductions, with dis- 
order and interfaces working in concert. 
Costescu er al. (9) showed that the thermal 
conductivity of disordered W/A1,0, nano- 
laminates decreased with increasing inter- 
face density to a value of 0.5 Wm! K* 
(see the figure). 

Before the work of Chiritescu ef al., a 
natural assumption was that the minimum 
thermal conductivity in fully dense solids 
would be achieved in multilayers of disor- 
dered materials. However, their results (5) 
demonstrate a dramatic further reduction in 
room-temperature conductivity, down to 
0.05 W m! K*!, in multilayers of crystalline 
WSe, sheets. The films are fabricated by 
depositing sequential layers of W and Se on 
silicon and annealing. X-ray diffraction con- 
a precise layering of WSe, sheets with 
1s of 6.6 A, in which the crystalline 
orientation may be random in the direction 
parallel to the substrate. The thermal con- 
ductivity is measured perpendicular to the 
film with a well-established laser heating 
and thermometry technique having high 
sensitivity to the film properties. Although 
thermal conductivity data are provided only 
in the cross-plane direction, further research 
‘on the in-plane component is likely to eap- 
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Search for the worst. Room-temperature thermal conductivities ofa few representative 
materials compared with new data for ordered Wse, films (5) The material sets a record for 
the lowest thermal conductivity of fully dense material at 300 K. Remarkably, the ultralow 
‘conductivity is achieved through the introduction of crystalline oder. 


ture a very large conductivity anisotropy. 

The key to the low thermal conduct 
lies in the WSe, structure, which features 
covalent bonding within two-dimensional 
sheets that are themselves bonded by 
Weaker van der Waals forces, The authors 
show that the data are consistent with 
molecular dynamics simulations by using 
differing interaction energies within and 
between the WSe, sheets. The strong 
anisotropy of bond strengths may localize 
Vibrational waves attempting to travel nor- 
imal to the film. To confirm the connection 
between crystalline order and low conduc- 
tivity, the authors showed that ion bombard- 
ment (and the associated disruption in the 
ordered a-b planes) increased the conduc- 
tivity by a factor of 5. The condu 
increase with damage is a remarkable find- 
ing and indicates that the careful combina- 
tion of order and disorder can minimize the 
thermal conductivity in other material 

There is no shortage of applications for 
Jow-conductivity nonporous materials, par- 
ticularly in the area of energy conversion. 
The challenge is to provide thermal insula- 
tors that retain other attractive mechanical, 
electrical, and optical properties. Thermo- 
electric enengy conversion (refrigeration or 
‘power generation) requires low thermal con- 
ductivity, high electrical conductivity, and a 
high Seebeck coefficient (which relates tem- 
perature gradients and electric fields in the 
material). The new findings will launch 
research on the correct recipe of in-plane 
order and cross-plane disorder that impairs 
heat conduction while promoting electrical 
transport of charge and energy. Another 


data bits through phase 
transformations, has a write 
‘energy that decreases rap- 
idly with increasing ther- 
mal resistance (//). The 
new class of thermal in- 
sulators may provide a 
route to minimizing the 
energy required for storage. 

The minimum thermal conductivity is 
yet another example where nanostructuring 
enables us to reach the extreme limit of a 
basic material property. Because thermal 
‘conductivity is rarely the only key property, 
this finding highlights a challenge for 
nanotechnology: Nanostructured materials 
will find the greatest impact if they provide 
radically new combinations of properties, 
rather than merely an extreme value of one 
property. For applications ranging from 
thermoelectries to turbine blades, the pri= 
mary challenge will be to introduce the lay- 
ered disorder that minimizes the thermal 
conductivity while maintaining the other 
targeted properties, including mechanical 
stability and high electrical conductivity. 
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Enabling Europe to Innovate 


‘Andrew Dearing 


‘As activities that relate to innovation become increasingly global and open and so draw the 
private and public sectors into complex networks of partnerships, these activities also tend to 
‘concentrate where the ecosystem is most supportive. European public policy, which in recent years 
has emphasized the importance of research and development (R&D) in achieving competitive 


knowledge-based societies, is shi 


19 toward approaches that address the broader qualities 


required of favorable ecosystems for innovation in a global economy, thereby incorporating the 
roles of market demand, public procurement, and regulation, as well as science, education, and 
industrial R&D, as part of determining effective innovation policies. 


on the controlled qualities of the corpo 
rate research and development (R&D) 
laboratory, but noticeable changes became 
evident in the 1990s, These changes, at first 
stimulated by companies’ desire to reduce cycle 
time and to bring technology development more 
closely under business unit control, have been 
tumed to age by those companies that 
recognized that they could no longer de 
all required technology in-house and that “gol 
plating” of proprictary technologies was counter- 
productive, Within this environment, small in- 
novative companies have thrived through their 
ability to test, develop, and supply new methods 
and approaches more effectively than tanger 
‘companies 
Coombs and Geonghiow (1) refered to these 
changes as a “new industrial ecology” and 
wh (2) introduced the term “open ine 
novation” to describe approaches that combine in- 
hhouse and external resources. Onzanizations 
succeed by virtue of their ability 10 gain com- 
parative advantage from the combined activities of 
‘competitors, suppliers, and customers: to obtain 
economic value also from intellectual property 
(IP) that is mot needed for intemal business 
purposes: 10 teat public research as a strategic 
resource: {0 spot and rapidly intemalize discov- 
cries. from sources outside the company; and 
thereby fo concent their own eflorts on ac- 
Livities (such as improved service content) that 
best contribute to value creation an innovation 
the company ite. 
These trends are playing a major part in 
shaping corporate approaches. to innovation. 
The March 2006 issue of the Harvard Business 
Review (3) describes the “connect-and-develop” 
approach taken by the global consumer goods 
company, Procter and Gamble (P&G). Pi 
reported that this approach now yiekls more 
than 33% of the company’s innovations. and 
billions of dollars in revenues. The approach 


S vuccesstil innovation once depended mainly 
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as illistrted using an cxampke of as 
bakery in Bologna, ltaly, run by a univers 
professor who had extended ink-jet technolo 
to print edible images on foodstuffs. By trans- 
ferring this technology and modifying it to deal 
With different process conditions, P&G was able 
to take a new product (Pringle Prints) (Fig. 1) 
from concept to launch in less than a year, at a 
fraction of the cast of in-house development 

Open innovation has also been stimulated by 
the decreasing time frames during which com- 
panies can command premium prices fiom pro- 
Prictary technologies. Whereas the price of 
videocassette recorders fell by $0% over a 10- 
petind, the price of DVD recorders, which 
feame to market 2S years later, fell by this 
amount in 2 years Remaining competitive 
this situation requires considerable agility from 
‘companies, forcing them to concentrate on core 
skills 

As technological content of products and 
services grows, this must be packaged in ways 
that consumers find reliable and easy to use. 
Philosophies such as ambient intelligence (4) 
‘emphasize within the corporation that technol 
‘ogy has to become a more natural, yet per 
vasive, part of the environment in which we 
live. The introduction of advanced consumer 
products such as luxury coffee machines, which 
bring the qualities of the professional espresso 
bbar into the home and office, and music and 
Video players like Apple's iPod shows how this 


As a result of these combined! pressures on 
innovation, emphasis within companies has 
shifted toward linking research and develop- 
ment more closely with activities such as de- 
sign, production, and distribution. Growing 
technological complexity requires that the com- 
‘pany anticipates developments in standards and 
stimulates the development of shared component 
platforns and technology roadmaps. Rescarch 
collaboration among companies and with uni- 
Venities and other public rescarch onganizations 
takes on a more strategic importance. New 
‘businesses (5) mediated by the Intemet facilitate 
technology exchange among companies and help 


‘match scientific skills globally with the problems 
that companies wish t0 resolve. 


European Public Policy: Understanding 
the R&D Numbers 

A key task for policy-makers is to address these 
developments. in ways that benefit the home 
economy. Soon afler the summit meeting of 
European heads of state in Lisbon in March 2000 
placed innovation at the heart of the policy 
agenda, a substantial gap became evident be- 
tween overall R&D intensities within the Euro- 
pean Union (EU) and its main economic 
competitors, particularly with regard to pri 
sector investment, Treating this gap initially as 
both symptom and cause of lack of competi- 
tiveness, a subsequent summit projected that 
levels of R&D investment should rise from 1. 


hhas become known as “the Barcelona ta 
for which two-thirds of R&D inv 
would come from the private sector. 

To a lame extent, the gap betwe 
in Europe and the 3% 
© RAD in- 


levels of R&D investmes 
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dustrial R&D worldwide is financed by a few 
hundred large companies (6). A main factor df= 
forentiating the levels of R&D in different 
regions (Table 1) is the sector concentration that 
resulted from previous pattems of company 
growth, 

Competing companies tend 10 invest in a 
similar fashion in R&D regardless of where they 
fare headquartered. In sectors such as informa 
ion technology (IT) hardware, computer soft- 
ware, and biotechnology, large amounts of 
money are committed to RAED per unit of sakes 
Many larger companies in these sectors ane 
headquartered in the United States, and most 
‘grew large in the last SO years. Many of the 
larger European players are in sectors such as 
automotives and chemicals, where absolute 
R&D investments are high, but R&D intensity 
per dollar of sales is lower. There are also more 
specific European strengths in key growth sec- 
tors, for example, in the IT systems embedded 
into products such as ears and telephones 

Because of the dominant part played by the 
Janger companies, aggregate RD figures fail 10 
reveal the part played by smaller companies 
Deeper examination shows that the larger 
‘companies: now depend on and, in tum, sup 
port extensive networks of smaller companies, 
some of which will become the lange com 
panies of the future, It is important to empha- 
size this interdependency andl to understand its, 
‘consequences, 


Here, There, or Somewhere Else? 

A second part of the policy equation is 10 
understand and t0 anticipate where companies 
will place their new R&D investments. fn the 
phannaceuticals sector (7), for example, from 
1990 t 1994, 88 “new molecular entity” 
phannaceuticals came to market in Europe and 
74 in the USA, and companies’ R&D efforts 
were concentrated accordingly [1990: EU, €% 
billion (S10.5 billion U.S. dollars): USA. €6 
billion ($7.8 billion)}, These patterns have since 
reversed (2000-044: $7 new molecular entities in 
EU, 70 in the USA; estimated in 2004: EU, E21 
billion ($27.5 bilo) spent on R&D; USA, €27 
billion ($35.4 billion), The shifts continue as new 


markets, trained people, and adequate sup- 
port structures become available in Asia. In May 
2006, the Anglo-Swedish pharmaceutical major, 
AstraZeneca, followed its Swiss and Danish 
‘counterparts, Novartis Intemational, Novo Nonlisk, 
and Roche, in announcing plans for R&:D fa- 
cilities in China, 

Two recent studies examining factors driving 
decisions about the global R&D investments of 
US.- and EU-based companies (8, 9) concluded 
that the most important features are potential for 
market growth, availability of environments 
that foster the development of a high-quality 
work force, and opportunities for productive 
collaboration between comporations and ur 
venitics. There is sill a tendency to place work 
addressing newer technologics and newer 
markets close to home, but this is by no means 
aan absolute rule, Contrary to some assump- 
tions, research costs have not proved to be 
‘the main factor stimulating companies to look 
toward Asia. 

In its 2006 study (8) of more than 200 tanger 
European companies, the European Commis- 
sion found market aocess 1 be the most im- 
portant factor in deciding where to locate RA 
followed by a predictable legal framework for 
RAD, access 0 specialized R&D knowledge 
and results, high availability of researchers, and 
macroeconomic and political stability. Respon- 
dents reported outsourcing an average of 18% 
of their R&D. around! two-thirds going 10 other 
companies and one-third to public research or 
‘ganizations. Pharmaceutical and biotechnology 
‘companies outsource roughly twice the share of 
R&D as their counterparts in other sectors. 
These figures are consistent with other studies 
ineluding those by the author's onganization, 
Which suggest a U-shaped curve over the past 
80 years, The minimum of around 3% out- 
sourcing occurred in the mid-1970s, when the 
ccomporate laboratory was the dominant feature 
of the industrial landscape. Since then, the 
‘proportion of REED performed outside the oor 
poration has increased steadily. in line with the 
reported adoption of more open approaches. 

Respondents distinguished between loca- 
tions they considered most attractive for new 


Table 1. Distribution of the headquarters of the 700 multinational companies that account for 
some 80% of private sector R&D investment and over 50% of all R&D within Organization for 
Economic Cooperation and Development member states (6). 


Headquarters’ location 


ipso ety np in tate: Cone 
Global 700 192 3a a7 43% 
“High RAD” R 220 37 
IT harcare 5 3 2 101% 
Automativeiparts 6 4 v 42% 
Pharmaceuticalstiotechnology 22 a 18 BI% 
Electoniseletical 10 u 28 6.0% 
Software/services 9 37 2 9.0% 
ther sectors 120 ua mi 2.0% 
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RAD investment and where they expected their 
companies” R&D activities will grow. Although 
they offen placed their home country first and 
saw the United States as most attractive outside 
the EU, they expected to direct most new in- 
vestment toward China and the United States, 
Thursby and Thursby (9) studied a similarly 
sized sample of medium and large US. and 
European-based corporations and found that 
38% reported that they plan to “change sub- 
stantially” the worldwide distribution of their 
R&D over the next 3 years, with China and 
India atracting the greatest increase, For emenging 
‘country locations, the most important factors 
were found to be output growth potential, fol- 
lowed by quality of R&D personnel, supporting 
sas, IP protection, the ability to own IP, casts, 
collaborating with universities, and the expertise 
fof university faculty, In developed. count 
what matters most is the quality of R&D per- 
sonnel and IP protection, university collabora 
tion, output market factors, and IP ownership, 
The study revealed litte difference between the 
views of US. and European-based companies, 


From Collaboration to Platforms toa 
Pact for innovation 
These and other (/0) surveys confirm that 
‘companies prize locations that support business 
‘growth and offer high-quality work forees and 
collaborative partners. How can policy-makers 
improve the attractiveness of their own region’? 

In the European Union, a key objective re- 
mains to gain full benefit from a lange single 
market, This still requires much work 10 ree~ 
‘once the legal and other traditions of 25 mem 
ber states and to overcome significant barriers, 
such as those concerning regulatory matters 
and mobility, There is a widely shared belief in 
having strong social structures: supported by 
considerable public investment in areas like 
health care and transport, However, most 
public funding for these structures and for the 
dense network of public universities and nation- 
al research organizations remains at the national 
level. As an illustration, the current European 
Research Framework Program (FP6) accounts 
for only a few percent of Europe's total research 
expenditure 

In recent years, smaller countries like Finkand, 
Sweden, and Ireland have performed better than 
their Tanger, southem neighbors in terms of 
‘encouraging innovation-led growth through poe 
icies of market reform and effective public- 
private collaboration (and Finland and Sweden 
are well ahead of the Barcelona target for R&D), 
but these economies are now running close to 
their full capacity. The challenge is t0 find ap- 
proaches that benefit the whole EU, improving 
and gaining more leverage from all the capa- 
bilities available within and beyond Europe. 

Responding to discussions about innovation- 
Jed growth among heads of state in late 2005, a 
‘group led by former Finnish Prime Minister 
Esko Aho has recently reported (1) on how 
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might be achieved, The report recommended a 
combination of approaches, which reflect the 
trends deseribed in the fist part of this review. 
‘The group called for simultaneous, synchronous, 
efforts in three areas: 

1) To provide an innovation-friendly market 
for businesses, requiring actions on regulation, 
standards, public procurement, and IP; fostering 
{4 more pro-innavation culture; and creating de- 
mand focused on large-scale strategie actions. 

2) To increase resources for excellent sei- 
‘ence, industrial RAED, and the seience-industry 
nexus; {0 improve R&D productivity; and to 
shift the use of the so-called “structural funds” 
(used to underpin economic development in 
poorer regions) toward R&D. 

3) To achieve far greater mobil 
across sectors, 
edge, and in the structures and clusters: that 
fame innovation, 

‘The report calls for a pact for research and 
innovation fiom political, business, and social 
Feaders to drive the agenda forward, Its recom 
mendations are strongly marketoriented in 
Philosophy. Areas mentioned as possibilities 
for large-scale strategic actions include health, 
Dpharmaccuticals, energy, environment, transport 
and logistics, security, and digital content, where 
‘opportunities go beyond the capacity of indi- 
vidual economic actors. Although more re- 
sources for R&8D and innovation are seen as a 
necessity, the 3% target for R&D becomes an 
indicator of success rather than an objective in 
its own right, 

‘The response to these recommendations is 
currently being worked out and will become 
evident in the months ahead. Some conclusions 
‘can already be drawn from the wide ninge of 
programs that are already under way at Europe 
‘an ani! national levels to establish conditions for 
xwwater competitiveness through research ant 
innovation, There is growing understanding of 
the use of direct wx and fiseal measures, and the 
Dutch approach of relating tax credits to R&D 
‘employment through social charges is proving 
attractive. The revision of rules for State Aid 
(72) is intended to bring these rather arcane 
rules more in line with the requirements for 
innovation-led growth and eff 
public R&D grants. One more push may be 
sullicient to achieve a uniform single patent 
regime in Europe, even though this has defied 
all attempts at a solution for 40 years. 

Ambitions for the European Framework Pro- 
‘gram are perhaps the easiest 10 state, A sub- 
stantially Jarger budget, €50.5 billion ($66.3 
billion) from 2007 10 2013 (/3), has been agreed 
for the new program (FP7), whereas clearer 
emphasis is placed on excellence and utility. 
Its success depends on obiaining the best pro- 
pposals and improving participation by both in- 
dustrial and public research. An important 
innovation in FP7 is support for the new Euro- 
pean Research Council, changed with fostering 
the best “frontier research” (a term intended to 
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highlight that the traditional distinction between 
basic and applied rescarch is no longer ap- 
Propriate). A first priority for ERC's Scientific 
Council is the development of independent ca- 
reers for excellent researchers establishing their 
first research team. 


Improving Links Between Science 
and Industry 

‘The quality of connections among companies 
and with universities and other public research 
organizations is an increasingly important 
factor that supports open models of innovation 
and is as important (or perhaps more impor- 
tant) in the long term as the number of 
university spin-offs and simple technology 
censing agreements. Although there is a long 
tradition of informal joint supervision of Ph.D. 
[projects in some European countries, the well 
known difficulties presented by industry 
academic collaboration are becoming more 
apparent as these activities take on more 
strategic importance. It is necessary to improve 
management of IP by public research onga- 
nizations: to take steps to align interests, motive 
tion, and culture; to address ownership of results 
and exclusivity; to improve project management; 
to compensate indirect casts: to deal with vo- 
latility of relationships: and to ensure equitable 
share of returns in case of success. These im- 
‘provements require new professional skills and 
mmind-sets, 50 that collaborative activities. can 
enhance, not dilute, the distinct missions of 
public and private-scctor research, 

One way forward is through the develop- 
ment of standard model agreements and codes 
‘of practice for collaborative R&D, steps recently 
taken, for example, by the U.K. (4) and Irish 
governments (/5), The 2005 launch of the Re- 
sponsible Partnering initiative in Europe (/6) 
marked renewed efforts to support changes in 
attitude and approaches to collaboration at the 
grass-roots level. Its recommendations. are 
very similar to those reached by a similar 
initiative launched by the U.S. Government- 
University-Industry Round Table (GUIRR) 
(17). Both initiatives emphasize the need 10 
«establish conditions that foster stable, long-term 
collaboration and trust. This requires developing 
fa better understanding at senior levels within 
public and private-sector onganizations of man- 
aging open innovation, then weenuiting and de- 
veloping the new skills needed to handle 
collaborations eflectively, establishing qu 
of collaboration as a key performance metric. 

It is also important to raise standards within 
public research itself: This will almost certainly 
‘ental giving these institutions greater autonomy 
to set direction and to concentrate on strengths 
and, thereby. 10 attract the best talent to come 10, 
and remain in, Europe. In several countrics, 
Universities remain subject lo extensive national 
regulatory frameworks and have litle control 
over their resources and priorities. There are 
close to 2000 universities in the EU, and most 


conduct research and offer postgraduate degrees 
seross a broad curriculum. By contrast, fewer 
than 250 U.S. universities award postgraduate 
degrees and fewer than 100 are recognized as 
research-intensive. 

Educational curriculum reform is under way 
jin more than 40 European countries through 
‘what is known as the Bologna process. This 
aims to establish easily recognizable and com- 
parable degrees based around a two-cycle 
system of studies, stating with a bachelor’s de- 
gace and moving on to the master’s level. A 
third eyele aims to ensure that doctoral studies 
remain relevant to changing career pattems, 


Technology Platforms and Shared Strategic 
Research Agendas 

‘Technology roadmaps have becn used for more 
than a decade as a tool for providing frame- 
‘works for discussion between different business 
functions and fora more conscious integration of 
all aspects of technology into business strateuy. 
‘The roadmaps enable decisions to be taken more 
quickly and 1 be implemented with greater 
confidence, They can also be shared within an 
industry sector and so lead to the adoption of 
common development platforms and strategic 
research agendas, 

‘These approaches are being extended, thereby 
involving more stakeholders in the early stages 
and subsequent implementation of major re 
search programs. As one example, the Nether- 
lands Genomics Initiative (NGI) (78), involving 
many Dutch companies and university. depart- 
ments, is coming toward the end of its first, 
€300 million ($393.7 million), phase of a 
program to build an intemationally leading: e- 
‘nomics infrastructure that will stimulate excel- 
Fent research and generate a continuous flow of 
‘new economic activity, while remaining firmly 
linked 10 the concems and interests of Dutch 
society. NGI is set 10 enter its next phase, when 
it will seck to couple national resources: more 
closely with intemational strengths while also 
concentrating on delivering economic benefits 
to the Netherlands 

European Technology Platforms (19) take 
the approach a. step further. Some 29 of these 
industry-ked initiatives provide frameworks for 
all stakchoklers to define rescarch and develop- 
‘ment priorities, time frames, and action plans on 
issues where growth, competitiveness, and sus- 
tainability objectives require major medium- to 
Jong-term research and technological advance 
‘A number of platforms ane now ready to begin 
implementation. Some funds for work that has a 
high degree of industrial relevance may co 
fiom the Framework Program, although this 
‘not guaranteed. The challenge for the platforms 
is to fully mobilize resources and public author- 
itics at national and regional levels, as well as 
fiom the private sector. In some cases, the scope 
of an objective and the scale of resourees may 
kad to the setting up of longterm European 
public-private partnerships, in what are being 
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termed Joint Technology Initiatives (JTIs). The 
intention is that JTIs will combine private-sector 
investment and national and European public 
funding, including grants from the Framework 
Program and loan finance from the European 
Investment Bank, 

‘An example comes in the field of beakh 
care, Among ways to respond to the trends in 
the health-care industry described earlier in this 
review are to obtain more eflective methods for 
carly safety evaluation, to provide better tools for 
integrated and predictive management of enor- 
mous volumes of data, to improve education 
and training in the use of these techniques, and 
to reduce barriers to carrying out clinical trials in 
Europe. These require efforts that go beyond 
the capabilities and remit of an individual com- 
psy opie boy ha Foto Maes 
tive (20) began by developing a strategic 
Het ‘agenda by consultation among all stake- 
holders, The agenda proposes the establishment 
‘of a public—private partnership to be operational 
in 2007, with investments around 440 million 
(8877.4 million) per year. 


Conclusions 

The challenge for European governments, 
‘companies, and public research institutes is 0 
Use the opportunities offered by open innovation 
to develop strengths and to build reater criti 
cal nuiss within Europe to support sustainable 
markets from new science, A main lesson from 
the past is that primarily top-down, centrally 
planned approaches are rarely effective. There is 
still much to gain from removing existing barriers 
to innovation, but policy-makers must now eam 
how to channel the significant resources and 
skills available within both public and private 
scotors to better address: market opportunities. 
The goal will be to encourage innovation in ways 
thataddress the desire for strong social systems in 
Europe without cither compromising the global 
comp :s8 of European companies or 


www.sciencemag.org 


reverting to old styles of “picking technologi- 
cal winners.” A twofold approach is likely to 
emerge, aimed at encouraging a more market- 
oriented view of innovation while using direct 
_measures to support more effective industrial and 
public-sector R&D. The appropriate balance 
between these elements remains an open ques- 
tion, the answer to which is likely to be de 
termined by how responsibilities are shared 
‘between nation states and the European Com- 
mission as the Union continues to develop. 
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Brilliant Whiteness in Ultrathin 


Beetle Scales 


Pete Vukusic,’* Benny Hallam,? Joe Noyes* 


he colored appearances of animals are in- 
I Varibly controlled by pigmentation, highly 
perindic ulrastucture, oF a combination of 
both (J, 2), Whiteness, however, is less com- 
mon and is generated by neither of these meth- 
cds, because it requires scattering 
processes appropriate for all vis- 
ible wavelengths. We report the 
identification of whiteness result- 
ing from a thhee-dimensional (3D) 
photonic solid in the scaks of 
Ciphochilus. spp. bestles, Their 
scales we characteriand by thei 
‘exceptional whiteness, their per 
ceived brightness, and their op- 
tical brilliance, but they are only 
$ jum thick, This thickness is at 
least two onders of magnitude 
thinner than common synthetic 
ms designed for equivakent- 
ly whiteness 
Archetypa brillant wh 


intrascale cutick volume occupancy is about 
70%. This appears to optimize scattering in- 
jensity by maximizing the scattering center 
number density while avoiding substantial un- 
favorable optical crowding (4). Optical crowd- 


Fig. 1. (A) Optical image showing the 
arrangement of white scales imbricating 
an elytron of a Cyphochitus beetle. (B) 
Scanning electron micrograph showing 
the fractured edge of one of the white 
scales shown in (A). (C) Transmission 


that is not augmented by fluores electron micrograph ofthe section shown 
‘eenee, such as whiteness fem in (B) Scale bars indicate 1.0 mm (A) and 
snow oF milk, is the result of muk 3.0 4m (MB) and (©), + 


tivavelenyth searing arising from 
aperiodic and muhiply oriented interfices between 
Jow-absortance media of appropriately ifferent 
refiactive index (3). The whiteness of Cyphochis 
‘pp. originates from elongated flat white scales that 
imbricate its body, head, and legs (Fig. 1A), 
These scales are about $ um thick, 250 jum kong, 
and 100 jum wide. Their interiors are composed of 
random network of interconnecting. cuticular 
filaments with diameters of about 250 nm (Fi, 
1B and fig. SI). 

Twoudimensional fast Fourier transforms 
(FFTs) of election microscope images of the 
scales’ interior (Fig. 1C) confirmed an abse 
‘of welldetined periodicity. Wave vector space 
maps produced by this transform. [Supporting 
‘Online Material (SOM) text] were fice from any 
single spatial component of reffactive index 
variation (fig. S2A). Experimentally this was 
confined by recording the diffraction pattem 
associated with light incident on individual scales. 
By mounting specitic white scales on separate 
needle tips and directing low-intensity focused 
laser light exclusively through the center of each 
scale, we imaged the reflection and transmission 
iffaction pattems on spherical screens (fig. 
1B). The resulting diffraction pattems closely 
the FFT maps of the scales’ interior 
(fig. S2C) and confirmed the cuticular filament 
network as the origin of the whiteness. The 
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ing occurs when the radiation fields associated 
with individual scattering centers overlap. It 
causes the system to adopt characteristics of 
fewer and larger scattering centers when the 
distance between individual scatterers becomes 
too small. The relatively high void fraction in 
this Cyphochilus beetle’s scales appears to be 
of the system's ability to seatter light. 
well as the system's aperiodicity 
and index contrast of about 0.56, that create 
cd 


‘The quality of the beets whiteness and 
brightness was quantified according to Intemna- 
Standardization national 
standards (SOM text). Its whiteness and bright- 
ness values (5) were measured to be 60 and 63, 
respectively, quantitatively indicating remark- 
able multiwavelength scater for systems that are 
only $m thick. In synthetic systems. where 
whiteness is desirable, far more substantial 
structure is. necessary. For example, conven- 
tional white uncoated wood-free papers (com 
prising random networks of bleached cellulose 
fibers) can be upward of 25 times thicker than 
these beetle scales but retum only an 8% 
‘superior brightness. Carbonate or kaolin crystal 
inclusions and optical brightening agents (blue 
luorescing dyes) are added to paper coating 


formulations to enhance scattering contrast and 
to improve the perceived appearance of white 
However, individual isolated S-ym-thick calc 
‘um carbonate coating layers have a brightness 
cof only 40 to 50, with such poor opacity that its 
whiteness value is meaningless, Similarly, the 
whiteness of human teeth is dominated. by 
multiwavele from packed hy- 
droxyapatite crystals in up to ~2 mm of tooth 
enamel. Although they am generally consid- 
ered to be white, their best natural whiteness 
and brightness are relatively low; typical human 
milk teeth exhibit a whiteness under 40 and a 
brightness of about 53, reflecting relatively low 
index contrast and high absorp- 
tion at blue wavelengths, 

For proportionally insignificant 
supplementary thickness the akdi- 
tion of these scales’ form of pho 
tonic solid would stongly enhance 
the desirable quality of whiteness 
in these and many other systems 
Additionally, it offers a perneab, 
exible, and fault-iolerant ultra- 
thin layer with which to back kage 
aca white light-emiting devices 
(OLEDS) ana control their emission 
direction. 

The phenotypic color of this 
Giplochilis, eradied for eryptism 

mong white fangus, aries from 
an aperiodic form of structure that 
‘might appear to contrast strongly 
with the highly periodic stracture 
in namow-band colored weevil 
scales (6). However, they do share several im 
portant features: a cuticular filament network 
With typical filament diameter of the onder from 
200 t0 250 nm, a scale thickness of about 5 tm, 


and similar extrusion from single epidermal 


scale, The form of the photonic solid in these 
white beetle scales confinns that the transition 
fiom high-contrast siturated color (SOM text) 0 
optically brilliant whiteness is largely a matter of 
structural order. 
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Electric Field-Induced Modification of 
Magnetism in Thin-Film Ferromagnets 


‘Martin Weisheit, 
Christiane Poinsignon,* Dominique Givord* 


#* Sebastian Fahler,** Alain Marty,? Yves Souche,? 


A large electric field at the surface of a ferromagnetic metal is expected to appreciably change its 
‘electron density. In particular, the metal’s intrinsic magnetic properties, which are commonly 
regarded as fixed material constants, will be affected. This requires, however, that the surface has 2 
strong influence on the material's properties, as is the case with ultrathin films. We demonstrated that 


the magnetocrystaline ar 


tropy of ordered iron-platinum (FePt) and iron-palladium (FePd) 


intermetallic compounds can be reversibly modified by an applied electric field when immersed in an 
electrolyte, A voltage change of ~0.6 volts on 2-nanometer-thick films altered the coercivity by 
4.5 and +1% in FePt and FePd, respectively. The modification of the magnetic parameters was 
attributed to a change in the number of unpaired d electrons in response to the applied electric field. 
Our device structure is general and should be applicable for characterization of other thin-film 


magnetic systems. 


jeld of science and technology in which 

the electn’s spin is directly exploited. 
Giant magnetoresistance and tunnel magneto- 
sors, used in read heads of hand 
disks, are both examples of the application of 
spin-clectronic devices. In contrast, there ane 
very few active (i.e., non-sensor) systems that 
exploit spin electronies. Such systems are 
‘operated through electrical current actuation, 
which requires much larger energy consump- 
tion than electric field (E) actuation used in 
usual electronic circuits anktor electromechanical 
systems, £ actuation of magnetic properties 
has been demonstrated in the semiconducting 
(In.Mn)As system, in which the Curie temperature 
Te was varied by 1 Kundera voltage of 125 V, 
‘corresponding to an electric fied of approximate- 
ly 16 = 10° Vim (2, 2) However, the possible 
applications of this phenomenon ae limited as 
result of the low Te of magnetic semiconductors 
(<< room temperature). The recent renewed ine 
terest in multiferroie materials in which piezo- 
electricity and ferromagnetism may coexist is 
also driven by th objective of practical 
application (3, 4). In this ease, the deformation of 
the material's structure under & results in the 


S: ‘electronics has recently emerged as a 


Ainsttut Néel, 25 Avenue des Marys, Bite Postale 166, 
F-38042 Grenble Cedex, France. “IW Dresden institute fr 
Metalic Materials, Post Ofice Box 27 01 16, O-O171 
Dresden, Germany. ?Département de Recherche Fondamentale 
‘ut a Matire Condensée, Service de Phrsique des Matériaux et 
Microstructures, CEA Grenoble, 17 Avenue des Martyrs, F> 
38054 Grenabe Cedex 9, Franc. “Labratore dBlecrochinie 
<e Physochimie des Materaux et des Interfaces, coe Nationale 
Superieure 'lerochimie etd Elecromealugie, 130 Rue 
dela Piscine, Bate Postale 75, F:38402 Saint Marin é Heres 
ede, France 

“Present address: AMD Saxony LC and Company KG, Ma~ 
terials Analysis Department, Wischdorter Lanstrasse 101, 
101109 Dresden, Germany. 

‘fo whom correspondence should be addressed. E-mail: 
‘artin weisheit@amd,com 


www.sciencemag.org 


modification of the magnetic properties and vi 
Versa. Again, this effect is limited to low tom- 
peratures in singhe-phase rnultferroics 
Because the Te values of the 3d metals —F 
Co, and Ni—and of some of their alloys are 
above room temperature, the possible use of 
electric fick! to modify and control the intrinsic 
magnetic properties [c.g., magnetization or 
magnetocrystalline anisotropy (Ku)] of such 
metallic systems is attractive. However, as. a 
result of sereening by the E-induced surface 
charge, the fick! docs not penetrate the bulk of 
the material and is confined to a depth on the 
‘onder of atomic dimensions It may be expected 
that substantial E-induced effects may be found 
in manosystems where the surface-to-volume 
is high, with a lange E obtained by the ap- 
plication of a high voltage at both sides of an 
insulating layer (c-. a thin dielectric deposited 
fon the surface of the metal). However, the 
preparation of thin and homogencous diclectric 
layers free of pinholes is challenging. The im- 
mersion of metal particles in an electrolyte was 
suggested as an ekgant approach to overcome 
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this problem (5). In a liquid electrolyte, an in- 
sulating ionic layer—the electrolytic double 
layer—forms naturally in font of a conducting 
surface, and most ofthe potential drop between 
the electrodes occurs across this layer (6). Sub- 
sequently, it was shown (7) that a macroscopic 
ssrain of 0.15% is created in PL nanoparticles 
under a voltage difference of 0.6 V, and this 
attributed wo the modification in metal bonding 
the sure 
7 
show itinerant elec 
‘won magnetism, the material's intinsie magnetic 
propertics ae primarily determined by unpaired 
electrons with energies close to Ep. IL is expected 
that these properties will be affected by changing 
the electron density at Ep under E, We selected 
Lig-ordered FePt and FePd ultrathin fim 
because these compounds combine high Te 
(750 K), saturation magnetization (1.4 7), ant 
Ky (6.6 MJ? in FoPt and 1.8 MJ/m? in FePd) 
values and exhibit high coercivity, In addition, 
these compounds are chemically stable 
Epitaxial films of FePt and FePA (2 and 4 
thick) were grown by means of Pt and Pd buler 
layers, respectively, on MgO(001) substrates (8). 
The superstructure lines by x-ray 
dilation indicate th ny erystallizes in 
the Lo phase, withthe Fe and Pt (or Fe and Pd) 
atoms being highly ordered on their Wo 


layer plane with anisotropy fields in excess of 
8 and 2.5 T, as expected for the tetragonal Lg 
FePt_and FePd compounds, respectively (8), 

The effect of £ on the allay magnetic prop 
erties was observed at room temperature by 
measurements of the magnitude of the signal and 
coercive field (He) via the polar Kerr effect. For 
these measurements, the electrolyte propylene 
carbonate (PC) was chasen to prevent hydrogen 
formation and its diffusion into the film when a 
negative potential was appliad to the sample 
‘Traces of water in the electrolyte were removed by 
introducing small Na pisces, which at the sa 
ti 


provided the Na* ions necessary for the 


Fig. 1. Schematic of 
the electrotytic cell con- 
taining the FePt or FePd 
film within an applied 
magnetic field H. The 
potential profile E due 
to the applied potential 
Vis indicated by the red 
line, The potential drop 
at the Pt electrode side 
js much lower (as com- 
pared tothatof the sam- 
ple surface) asa result of 
the Pt electrode’s large 
surface area. 
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Fig. 2. Magnetization suitching of 
the 2-nm-thick FePt film for differ- 
ent U values between the film and 
the Pt counter electrode. jig. the 
permeability of vacuum. 
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Fig. 3. (A) Change of the film coercivity for FePt 
‘and FePd with extemal voltage at given thicknesses 
‘and (B) change of the Kerr rotation for the 2-nim- 
thick FePt film with regard to (wt) the value at 
=400 mV. Error bars indicate the statistical varia~ 
tion (c) of the measurements. 


formation of the eletrolvic double layer at the 
‘sample surface. A large sheet of inert PLwas useal 
asthe counter electrode (Fig. 1). 

‘The He variation as a function of the applied 
Voltage U was derived from the measurements of 
the easy-avis hysteresis loops (Fig. 2). A shar 
switching of the magnetization oceurs at He. To 
avoid possible dissolution of Fe fiom the alloy, 
\we maintained the sample potential at or lower 
than 400 mv. The potential was also restricted 
to values above 1 V in oner to avoid other 
electrochemical re at the film surface. 
Small but detectable irreversible film degradation 
‘occurred above -400 mV and below IV. Figure 
3 shows the coercivity change Se (relative to the 
value at 400 mV) versus U for FePt and FePd. 
A-change of voltage AU = -600 mY results in a 
Hc by 4.5% for FePL and +1% for FeP¢ films 
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With a thickness of 2 nm, The 4-nm-thick films 
show a lower variation of -1% for FePt and no 
Variation (within experimental resolution) for 
FePd. The observed change in He as a function 
‘of U was essentially reversible, and the Kerr 
signal variation with magnetic fiekd was the same 
upon increasing E as upon decreasing it, Both 
resus imply that the observed eflect is intrinsic 
and not duc to film contamination or degradation 
that would be associated with the occurrence of 
imeversible phenomena (8). Note that He is 
stronger than a linear response in all cases, 

In addition to the effect of E on the coer 
civity, an increase in the Kerr rotation by 3% is 
‘observed upon changing U from -400 to - 1000 
mV for the 2-nm-thick FePt film, Within ex- 
perimental accuracy, no such effect was found 
in the other samples. 

‘The results reveal thatthe magnetic properties 
of itinerant electron magnetic systems canbe 
changed in a controlled way under £. During the 
measurements, the film microstructure is expected 
{0 remain essentially unaltered (lo the extent that 
the very slow imeversibl film degradation can be 
neghected), and, to fint-order approximation, the 
coercivity can be assumed 10 be directly propor 
tional 10 the Ky ffom which it originates. The 
observed Se values were evaluated with respect 
Wo Ky enengics (MAE) derived from electronic 
structure calculations (9). A capacitance value 
C per surface area A of C/A = 30 Fem? was 
used, bocause this is a typical value for a clean 
metal surface in an electrolyte such as PC that 
is characterized by a large dieletric constant 
(66 (10), Under a vohage Uthat acts almost ex- 
clusively at the FePUPC interface because of the 
30 times larger surface area of the Pt counter 
electrode as compared to the sample surface, a 
charge CU accumulates in the whole film vol 
‘ume ld, where d is the film thickness. Consid- 
fring that the volume of the Llp FePt or FePd 
rmmhive call is Vag = cPef2 = 0027 ran? wine 
@ is 0385 nm and ¢ is 0371 nm, the charge 
variation per unit cell becomes 


In panicular, for U = 600 mV and d= 2 nm, 
this amounts o 0.015 electrons per unit cell. From 
electronic stucture calculations (9), a decrease of 
the MAE by 200% per electron is predicted for 
FePt and an inowase of the MAE by 70% per 
electron is preicted for FePd. This result oor 
responds to expected changes of -3% and + 
for 2-nmvthick FePt and FePd, respectively, The 
induced excess charge in such metallic films is 
concentrated close to the surface and not dis- 
tributed homogeneously. However, to firs-onder 
approximation, the anisotropy variation depends 
solely on the total film excess charge, This is 
direct consequence of the linearity of all oper- 
ations (i.e. it does not make a difference 
‘whether an anisotropy distribution is calculated 
first and then averaged over the whole film or 
whether the electron distribution is averaged 
right away), 

The sign and magnitude of BAe that was 
‘measured agree well withthe calculations for both 
alloys. It is quite notable that this simple concept 
is sufficient Wo explain the experimental results 
Considering that we are dealing. with ultrathin 
films, surface anisotropy should be included inthe 
‘comparison between the experiment and caleuki- 
tion, However, neither experimental nor calculated 
data are available on the surface anisotropy of 
FePL. As a very qualitative argument, it may be 
angued that surface anisotropy in FePt is not 
expected to be dominant to the same extent as it 
is in cubic systems where surfiee symmetry 
‘breaking isthe only source forthe occurrence of 
a second-order anisotropy term, It has. been 
shown (/7) that there is only a weak thickness 
dependence of the nucleation field in FePt down 
to 2 nim, Which supports this assumption. 

The fitct that the voltage dependence of the 
coercivity is stonger than a linear response can 
be attributed 1 a change in the thickness of the 
ectrolytic double layer with U; When the charge 
is increased at the sumple surfice, the double 
layer is compressed and, in tum, C and & acting 
en the sample are increased. 

Because the Kerr angle is another intrinsic 
material property, its variation (detected 
FePt only) upon the application of a voltage is 
another proof of the influence of E on the 
magnetic properties. However, in the absence 
‘of any calculated data, itis not possible 10 dis- 
‘cuss the importance of the observed effect any 
further. 

‘Our results have shown that the magnetic 
properties of thin-film ferromagnetic systems 
ccan be varied in a controlled way by an ap- 
plied electric field. It must be stressed that the 
majority of modem magnetic materials belong 
to this category of materials. Beyond this proof 
‘of principle, this approach could offer an alt 
‘ative and attractive generic actuation mechanism 
for electronic and electromechanical systems. 
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Ultralow Thermal Conductivity in 
Disordered, Layered WSe, Crystals 


Catalin Chiritescu,? David G. Cahill,”* Ngoc Ng 
‘Arun Bodapati,” Pawel Keblinski,’ Paul Zschack' 


juyen,? David Johnson,? 


The cross-plane thermal conductivity of thin films of WSe, grown from alternating W and Se layers 
is as small as 0.05 watts per meter per degree kelvin at room temperature, 30 times smaller 
than the c-axis thermal conductivity of single-crystal WSe2 and a factor of 6 smaller than the 
predicted minimum thermal conductivity for this material. We attribute the ultralow thermal 
conductivity of these disordered, layered crystals to the localization of lattice vibrations induced 
by the random stacking of two-dimensional crystalline WSe, sheets, Disordering of the layered 
structure by ion bombardment increases the thermal conductivity. 


terials with the lowest thennal con- 
Mes are typically found among 
lectrcally insulating amorphous solids 


and ghasses. In these materials, eat conduction is, 
adequately predicted by a simple phenomeno- 
Togical model, the minimum thermal conductiv~ 
ity, in which heat conduction is described by a 
random walk of vibrational energy on the time 
and length scales of atomic vibrations and inter= 
atomic spacings (/). More sophisticated theories 
‘of heat conduction in disordered materials sup- 
port this description: A majority of the vibra- 
tional modes [termed “diflasons” by Allen and 
Feldman (2)] catry heat in this manne, and ony 


4 small fraction of the vibrational modes peop- 
agate as waves or are localized and therefore 
hes 


tunable to contribute t heat conduction. Recently, 
wwe (3) and others (4) have shown that the min- 
imum thermal conductivity can be circumvented 
in multilayer thin films of metals and oxides. 
‘When the spacing between the interfaces is only 

few nanometers, the thermal resistance of the 
es reduces the thermal conductivity far 
below the thermal conductivity of the homoge- 
neous amorphous oxide. 

Here, we demonstrated by both experiment 
and computer simulation an alternative route for 
achieving ultralow thennal conductivity ina 
dense solid, The thennal conductivity of dis- 
‘ondered thin films of the layered erystal WSey 
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can be as small as 0.05 W mt K”'. a factor of 6 
smaller than the predicted minimum thermal 
conductivity and, to the best of our knowledg 
the lowest thermal conductivity ever observed in 
4 filly dense solid, Disruption of the layered 
structure and the crystallinity of the WSep sheets 
bby jon iadiation actually produces a marked 
increase in the thermal conductivity of the thin 
film. Thus, the lowest thermal conductivities 
are not found in the fully amorphous form of 
We: rather, ultralow thermal conductivity is 
achieved by controlling both onder and disorder, 
and hence the thermal pathways, in this aniso- 
tropic material 

‘We synthesized WSes thin films by the mo- 
ulated elemental reactants method (5, 6). Se 
<quential bilayers of W and Se were deposited in 
aan ultrahigh vacuum chamber onto unheated 
Si (100) wafers with a stoichiometry of 1:2 and 
then annealed for | hour at elevated temper- 
atures in Np atmosphere to form the desired 
layered structures (6). The microstructure of the 
films was stable at wom temperature. In the 
We: structure, a hexagonal plane of W atoms is 
‘onal to two Se layers by strong covalent 
bonds, and each wo-dimensional (2D) WS: 
sheet is bonded to adjacent sheets by weaker van 
der Waals forces (7. 8). We purchased a single 
crystal of WSe from Nanoscience Instruments to 
provide a baseline for comparisons. Thermal 
‘conductivity was measured by time-domain ther- 
ioreflectance (TDTR) (6, 9-12). In our imple- 
mentation of TDTR, we determine the thermal 
conductivity by comparing the time dependence 
Of the ratio of the in-phase 1, and out-of-phase 
Foxe signals fiom the radio-frequency lock-in 
amplifier to calculations made with the use of a 
thermal model (/1). The thermal model has 
several parameters, but the thermal conductiv= 
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ity of the WSey sample is the only important 
‘unknown, 

We used synchrotron x-ray diffiaction to char- 
acterize the microstructure of a typical WSe 
film (Fig. 1), Data for (0 0 L) reflections (6) 
showed that the layering of the 2D WSea sheets 
‘was very precise; the surface nonnal to each 
sheet (hexagonal ¢ axis) was well aligned with 
the surface normal of the substrate, an! the spac 
ing between the centers of WSep sheets was 
sy uniform at 0.66 nm, These highly textured 
films had completely random crystalline orienta- 
tion in the a-b plane, We examined the erys- 
talline structure of the film by seanning the 
diffraction intensity through reciprocal. spac 
‘where the (1 0 3) reflection intersected the Ewakd 
sphere, The relatively narrow fine width (0,06 in 
reciprocal lattice units) in the direction parallel 
to the surface, [h 0 3}, gave a lateral coher 
Jength of 23 nm (Fig, 1C), Seans through the 


A (soa) 


tees 
hom, 

Fig. 1. X-ray diffraction data for a 32.5-nm-thick 
We; film collected at the 33-bending magnet 
beamline of the Advanced Photon Source with the 
use of 18.5-KeV photons. After deposition, the WSe2 
film was annealed for 1 hour at 650°C in a Np 
atmosphere, (A) False-color depiction of the x-ray 
ditfraction intensities collected by the area detector 
in the vicinity of the (1.0 3) and (1 0 5) reflections. 
The vertical direction is normal tothe sample surface 
and the horizontal direction isin the plane of the 
sample. (B) Scan of the x-ray diffraction intensities 
along the surface normal. The scan direction is 
shown as the vertical red line in (A). () Scan of the 
sxray diffraction in the in-plane direction. The scan 
direction is shown as the horizontal redline in (A), 
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intersection of (I 0 L) reflections with the 
Ewald sphere probed the coherence of the 
crystal structure along the direction normal to 
the WSez sheets. The large line widths (Fig. 
1B) indicated that crystallographic ordering 
in the stacking of the WSe> sheets was limited 
to <2 nm. 

We next compared the thermal conductivity 
‘of annealed WSey films to the conductivity of a 
single crystal of WSe and the predicted min- 
imum thermal conductivity (Fig. 2), The thermal 
conductivity of single-crystal WSea was approx- 
imately proportional to 1/7 (the reciprocal of 
absolute temperature), as expected for a di- 
electric of semiconductor in which heat trans- 
port is dominated by phonons with mean-free 
paths limited by anharmonicity. Calculations of 
the minimum thermal conduct 
know ledge of the number density 0 
the speed of sound (/). We used picosecond 
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Fig. 2. Summary of measured thermal conductiv- 
ities of WSes films as a function of the measure- 
iment temperature. Each curve is labeled by the 
film thickness. Data for a bulk single crystal are 
included for comparison. Error bars are the 
uncertainties propagated from the various exper- 
imental parameters used to analyze the data 6). 
‘The ion-irradiated sample (irad) was subjected to 
a LMeV Kr* ion dose of 3 x 10% cm, The 
dashed line marked Amin is the calculated 
minimum thermal conductivity for Wee films in 
the cross-plane direction. 
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acoustics to measure the longitudinal speed of 
‘sound in the cross-plane direction of nominal 360- 
no-thick films and found that y= 1.6 nm pst 
(13, 14). This measurement isin good agreement 
‘with an independent measurement of the same 
film (y= 17 nm ps) with the use of pico- 
second interferometry (/5) and an index of 
refiaction at the laser wavelength of 800 nm 
of m=4,13. If we use the average of these val- 
ues, ,= 1.65 nm ps“! and a mass density of 
9.2 gem ?, we obtain an clastic constant 
Cy =25 GPa, which is approximately a factor of 
2 smaller than Cay for single erystals of NbSex 
and TaSe> measured by neutwon scattering (/6) 
-crystal WSe; measured by picosecond 
interferometry. The transverse spoed of sound vy 
is not accessible to the standard methods of 
picosecond acoustics: insicad, we estimated vy = 
1.15 based on our measurement of y, and the 
ratio Cuy/Csx previously measured for NbSey 
and TaSe> (/6). 

The lowest thermal conductivity, A, measured 
at 300 K is. A= 0.048 W mK" for a 62-nm- 
thick WSey film, 30 times smaller than the ens 
plane thermal conductivity of a singk-crystal 
sample of WSes (Fig. 2) and a factor of 6 smaller 
than the predicted minimum thermal conductiv- 
ity. This degrve of deviation from the pradicted 
‘minimum thermal conductivity in a homoge- 
neous material is unprecedented (17). Notably, 
the conductivity of the 62-nm-thick film is 
smaller than the conductivity of a thinner film 
(24 nm) or a thicker film (43 nm). The reasons 
for these differences are not understood in detail, 
‘but we speculate that variations in the degree of 
crystallographic ordering along the thickness of 
the films are playing an important roe 

The data shown in Figs 1 and 2 lead us 10 
‘conclude that the ulralow thermal conductiv~ 
ities are produced by random stacking of well: 
crystallized Se sheets. To test this idea, we 
usd irradiation by energetic heavy ions to dis- 


° 
& 


02 


Thermal conductivity (Wm" K") 


Fig. 3. Thermal conductivity versus irradiation 
dose for WSes films 26 nm thick. Samples were 
irradiated with 1-MeV Kr" ions tothe dose indicated 
‘on the x axis of the plot. Error bars are the uncer- 
taints propagated from the various experimental 
parameters used to analyze the data (6). 


rupt the erystalline onder in the thin film samples 
(Fig. 3), Because our TDTR measurements re= 
quire knowledge of the thermal conductivity of 
the substrate, bare silicon substrates were ir- 
radiated with the same range of ion fluences and 
measured by TDTR (6). At the highest ion dase, 
3.» 10% ions cmr?, we observed a factor of 5 
increase in the thermal conductivity of the WSe, 
film, This inerease in thermal conductivity with 
jon beam damage is also unprecedented. We 
infered from these experiments that ion-induced 
damage introduces disorder that reduces local- 
‘uation of vibrational energy and enhances the 
transfer of vibrational enengy in the material 

To gain futher insight and confidence in our 
experimental results, we performed molecular 
dynamics (MD) simulations on model structures, 
For simplicity and computational efficiency, the 
atomic interactions in our model compound are 
described by 6-12 Lennard-Jones potentials: 


9-9" 


‘where ¢ is the energy scale and o is the length 
sale, Two sets of e and 6 parameters were used: 
For interactions within a single WSe sheet, € » 
0.91 eVand = 2.31 A, and for the interaction 
between ayers, € = 0.08 eVand o = 3.4.A. These 
parameters achieved a good fit 10 WSep erystal 
sinvcture and the Cy (200GPa) and Cy (50GPa) 
clastic constants. For computation efficiency, a 
cutoff of $4 A was used, with both energy and 
forces shifted such that they were zero at the 


U(r) = 4e 
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Fig. 4. (A) Atomic positions in a model Sey 
structure showing stacking disorder. The positions 
of the heat sink and source separated by 8 nm are 
indicated. (B) The steady-state temperature pro- 
file obtained from the nonequilibrium, heat source— 
sink method. The solid line depicts a linear fit to the 
central region between the heat source and sink. 
The dashed line is an analogous fit but for the 
structure with doubled size along the z direction 
with the corresponding separation between the heat 
source and sink of 16 nm. 
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‘eutoft (18), The cross-sectional area of the sim- 
ulation cell is 15.3 * 13.3 A. Along the (001) di- 
rection, two sizes were selected: 160 and 320 A. 
Periodic boundary conditions were used forall 
directions. Newton's equations of motions were 
soled by the fithonder predictor comector algo 
rithm (/8) with an MD timestep, A= 1.8 = 10° 

‘The simulation cell for the thermal transport 
measurement is depicted in Fig, 4. To calculate 
the thermal conductivity, the we first equilibrated 
the structure at 7 300 K for 100,000 MD time 
steps, Next, the global thermostat was tumed off 
and thermal energy was added to one WSe> sheet 
and removed fom a second sheet, which was 
located at a distance from the first sheet equal to 
‘one-half of the size of the simulation cell along 
the (001) direction (9, 20). Atomic velocities 
were scaled such that heat was added or sub- 
tracted a @ constant rate, 10° eV per MD time 
step 27). We monitored the temperature profile 
g the kinetic energy of atoms in each 
‘of the small energy barrier 
ring of the WSe> structure and the small 
cross-sectional area of the simulation cell, our 
roel structures exhibited thermally excited local 
shearing events leading to disorder in the stacking 
‘of the WSey sheets (Fig. 4), 

‘Atler Sto 20 million MD steps (depending on 
the system size), a steady-state temperature dis 
tribution was established (Fig. 4), The temper- 
‘ure gradient, and thus the thermal conductivity, 
‘of 16-and 32-nm-long simulation cells were ex- 
sentially the sume within the statistical standard 


deviation of 10%, A= 0.06 W mr" K. Given 
the approximate form of the potentials used in 
‘our computational work, the agreement between 
the measured and calculated thermal conductiv- 
ities was better than we expected. Nevertheless, 
the low thermal conductivity of the model struc- 
ture suggests that the ultralow thermal conduc 
tivity in disondered, layered exystals isa general 
phenomenon and not restricted to W 
Our WSey films are poor electrical conduc- 
tors in the cross-plane direction; however, if 
semiconductors with similar structural features 
and good clectrical mobility can be identified, 
isondered layered crystals may offer a promising 
route to improved materials for thennoclectric 
energy conversion. 
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Organic Glasses with Exceptional 
Thermodynamic and Kinetic Stability 


‘Stephen F. Swallen,* Kenneth L. Kearns,” Marie K. Mapes,’ Yong Seol Kim,” 
Robert J. McMahon,” M. D. Ediger,’* Tian Wu,” Lian Yu,? Sushil Satija” 


‘Vapor deposition has been used to create glassy materials with extraordinary thermodynamic and 
kinetic stability and high density. For glasses prepared from indomethacin or 1,3-bis-(1-naphthy)-5- 
(2-naphthyDbenzene, stability is optimized when deposition occurs on substrates at a temperature of 
50 K below the conventional glass transition temperature. We attribute the substantial improvement in 
thermodynamic and kinetic properties to enhanced mobility within a few nanometers of the glass 
‘surface during deposition. This technique provides an efficient means of producing glassy materials that 
are low on the energy landscape and could affect technologies such as amorphous pharmaceuticals. 


sy materials combine the disordered 
G ie ofa liquid with the mechanical 

properties of a solid. Amorphous sys- 
tems ean be described in tems of a potential 
cenengy landscape, with thermodynamics. and 


kinetics controlled by the minima and barriers 
‘on the landscape, respectively (/-3}, Many im 
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portant issues could be addressed if fiquids or 
glasses with very low energies coukd be created 
(2, 4-6). For example, it might be possible to 
definitively understand the Kawzmann entropy 
crisis, an area of intense recent interest (7-11). 
Kauzmann observed that ifthe entropy of many 
supercooled liquids is extrapolated to low tem- 
‘perature, the amomphous state is predicted to have 
4 lower entropy than that of the highly ordered 
crystal well above absolute zero (5. 6). 

Glasses are usually prepared by cooling a 
Fiquid, but acoessing low energy states by this 
route is impractically slow (4, 12). If a fiquid 
avoids crystallization as it is cooled, molecular 
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‘motion eventually becomes too slow to allow the 
molecules to find equilibrium configurations. 
This transition to a nonequilibrium state defines 
the glass transition tempermure Ty. C 
stuck” in local minima on the potent 
landscape (2, 3), Because glasses are themody- 
namically unstable, lower energies in the land- 
scape are eventually achieved through molecular 
rearrangements. However, this process isso slow 
that it is gencrally impossible to reach states deep 
in the landscape by this route 

We have discovered that vapor deposition ean 
bypass these kinetic restrictions and produce 
assy materials that have extraordinary en- 
emetic and kinetic stability and unusually high 
densities. We demonstrate this for two mo- 
Ieoular glass formers: 1.3-bis-(I-naphthyl)-542- 
naphthyDbenzene (TNB) (Ty = 347 K) and 
indomethacin (IMC) (Ty = 315 K), For these 
systems, the most stable glasses are obtained when 
Vapor is deposited onto a substrate controlled 
near Tz ~ 50K. We angue that surface mobility 
during the deposition process is the mechanism 
of stable glass formation 

Differential scanning calorimetry (DSC) 
‘was used to examine the kinetics and thermo- 
dynamics of vapor-deposited samples created 
by heating crystalline TNB of IMC in a vacu- 
‘um. Figure 1A shows DSC data for TNB yapor- 
deposited (blue) onto a substrate held at 296 K. 
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Fig. 2. (A) Heat capacity, Cp, of TNB samples: vapor- 
deposited directly into a DSC pan at 296 K at a rate 
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‘of ~5 nis (blue); ordinary glass produced by cooling 
the liquid at 40 K/min (black); ordinary glass annealed at 296 K for 174 days (violet, 328 K for 9 days 
(gold), and 328 K for 15 days (green). inset) Structure of TNB. (B) Enthalpy of TNB and MIC samples. 
Heat capacities ofthe samples shown in (A) are integrated to obtain the curves shown for TNB. Similar 


experimental conditions were used for INC (15). 
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Fig. 2. Density of vapor-deposited TNB films 
(yo) normalized to the density of the ordinary 
‘1a5s (p.), with both measured at room temper 
ature, Experimental density ratios (filled squares) 
‘were calculated from x-ray reflectivity measure- 
iments on 100- to 300-nm films by measuring film 
thickness before and after annealing above 7, 
(15). The solid line indicates the expected density 
if the samples were prepared in thermal equilid~ 
rium with 7, = Teapot 


This scan was continued beyond the melting 
point, after which the sample was cooled into the 
i#lass and then scanned again to yield the black 
‘curve, This latter curve represents the behavior of 
aan ondinary glass of TNB, with Ty ~ 347 K, as 
defined by the onset temperature; it i consistent 
\with previously reported results for TNB (/3-15). 

Remarkably, the vapor-deposited sample 
has a substantially higher onset temperature 
of 363 K. This result indicates that the vapor 
deposited material is kinetically much more 
stable, because higher temperatures are required 
to dislodge the molecules from their glassy con- 
figurations. For comparison, we isothermally an- 
niealed the ordinary glass for 6 months at 296 K 
and up to 1S days at 328 K (equilibrium was 
reached at 328 K). Vapordeposited samples 
created in only a few hours have much greater 
kinetic stability than ordinary glasses aged for 
many days or months below Ty. 
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‘To quantify the thermodynamic stability of 
the vapor-deposited materials, we calculate the 
fictive temperature (7p, as defined below, Lower 
T; values indicate a lower position in the energy 
landscape. The enthalpy for TNB and IMC sam- 
1kss, obtained by integrating the heat capacity 
is plotted in Fig. 1B. The intersection between 
these data and the extrapolited supercooled 
liquid enthalpy (red curve) defines Tr for cach 
sample. For both TNB and IMC, samples pre- 
pared by vapor deposition have considerably 
ower enthalpies and Ty values. On the basis of 
aging experiments on TNB, we estimate that it 
would require at least 40 years of annealing an 
‘onginary glass to match Ty forthe vapor-depasited 
sample shown in Fig. 1 (/2). The similarity of 
the results for TNB and IMC suggests that vapor 
deposition can generally produce highly stable 
hisses 

The thermodynamic stability of these films 
‘can also be quantified in comparison with the 
Kauzmann temperature (7c) the temperature at 
Which the extrapolated entropy of the super- 
cooked liquid equals that ofthe exystal (4, 3), We 
define a figure of merit: 


hat 


7) 
7, Te 


& = 


For fragile glassformers such as TNB and IMC, 
Ox is a measure of position on the eneny 
Fandscape, with a value of 1 (T;= Tx) indicating 
the lowest possible position on the landscape. For 
‘TB, Magill estimated Ty, = 270 K (14). Vapor 
deposition of TNB at Ty ~ $0 K created films 
with Ox = 0.43: by this measure, we have pro- 
ceeded 43% toward the bottom of the enenzy 
landscape for amorphous configurations. In com- 
parison, annealing the ordinary glass at 296 K 
(0x. = 0.09) oF 328 K (Bx = 0.22) is relatively 
inelfcctive. Similar results were observed for 
IMC deposited at T, ~ $0 K, with Ox = 0.23 to 
(0.44, depending on deposition rate. These re- 


sults can be put into context by comparison 
with Kovac’s seminal aging experiments on 
poly(vinylacetate), where 2 months of anneal- 
ing achioved Ox < 0.17 (16). 

‘Vapor deposition can also create unusually 
dense glasses. The ratio of the density of vapor- 
deposited TNB (pyp) tothat ofthe ordinary glass 
(Pe prepared by cooling fiom the liquid) in- 
creases as the deposition temperature is lowered 
towand Ty ~ $0 K (Fig. 2). Also shown as the 
solid line is a prediction of the density if vapor 


deposition produced an equilibrium supercooled 
For this 


liquid at the deposition temperature (/2 
range of deposition temperatures, our 
nearly achieve this upper bound for the de 
‘we define a fictive temperature based on density, 


<cposition at 296 K produces T= 300 K, slight- 
ly lower than the fictive temperature based on 
the enthalpy (15), 


We have used neutron reflectivity to charac: 
Aerize diffision in glasses of TNB. The hi 
tial resolution and! large contrast in the scattering 
Jength of neutrons for hydrogen and deuterium 
‘nuclei make this an excellent technique for quan- 
tifying molecular motion. As schematically shown 
in the inset of Fig. 3, 300-nm films were prepared 
by alternately vapor-epositing 30-nm-thick lay- 
crs of protio TNB (h-TNB) and deuterio TNB 
(4-TNB) (/7), The specular reflectivity Rw 
measured asa function of beam angle relat 


o 
the sample surface. This value, multiplied by q* 


for clarity, is plotted as a function of the wave 
vector g. Reflectivity curves for samples vapor 
deposited at different temperatures display dit 
fraction peaks; as expected for our symmetric 
‘multilayer samples, only odd diffraction orders 
are present. For samples depasited at low tem= 
perature, difftaction can be observed up to the 
13th onder, indicating very sharp h-TNB/-TNB 
imerfces (15), 

‘Time series of neutron reflectivity curves 
‘were obiained for two vapor-deposited simples 
during annealing at 342 K for samples deposited 
st 330 K (Fig. 4A) or 296 K (Fig, 4B), During 8 
hours of annealing, al diftaction peaks (except 
the first-order peak) for sample A decayed to 
zero, indicating that substantial interfacial broad 
‘ning had occurred because of intendiffasion of 
h-TNBA-TNB. During the 16 hours of anne: 
ing at 342 K forsample B, no detectable inter- 
diffusion occurred, even on the single-nanometer 
length scale. We emphasize that the only ditfer= 
cence between these two samples wat the temper 
ature at which the substrate was held during 
depesition, 

Figure 4A illustrates the behavior of an or 
inary glass annealed near Ty: as shown else- 
where (/7), interdiffusion in this sample is 
characteristic of the equilibrium fiquid. In con- 
trast, the sample deposited near T, ~ $0 K (Fig, 
4B)is kinetically much more stable, in qualitative 
agreement with the high onset temperature shown 
for the vapor-deposited sample in Fig. 1A. We 
can quantify the magnitude of this stability in 
terms of the equilibrium structural relaxation time 
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Fig. 3. Neutron reflectivity versus 
wave vector q for multilayer TNB 
films vapor-deposited atthe specified 
temperatures. The peak intensities 
are determined by the sharpness of 
the h-TNB/G-TNB interfaces, which 
vary from 1.5 to 9 nim (full width at 
half maximum of the concentration 
profile derivative), The diffraction 
‘order of each peak is given by the 
numbers at the bottom. The inset 
ilustrates the structure ofthe vapor- 
deposited sample (25). 
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Fig. 4. Neutron reflectivity data for TNB multi- 
layer films continuously annealed at 342 K. The 
substrate temperature during vapor deposition 
was (A) 330 K and (B) 296 K. The decay of the 
harmonic peaks in (A) occurred over 8 hours 
and is caused by bulk molecular diffusion (27). 
No detectible diffusion occurred in (B) over 16 
hours (15), 


Ta: known to be 250s at 342 K (18), The 
induction time for thesample deperited at Ty 50K 
exceeds 200 tq. Consistent with this result, we 
have observed in pretiminary experiments that 
crystal growth rates in stable, vapordeposita 
TNB glasses are slower than in ordinary glasses, 
although the former may contain crystal nuclei. 
‘The reflectivity curves in Fig. 3 provide in- 
ight into the mechanism that allows vapor dep- 
sition 10 create unusually stable glasses. The 
average h-TNB(TNB interface widths of the 
as-deposited samples were extracted from fits to 
the raw data (/7) and ranged from 9 nm for the 
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sample deposited at 339 K t0 1.5 nm for dep- 
sition at 242 K. For all samples deposited at 
296 K or above, the interfacial width exceeds 
the surface roughness (~1.5 nm) as determined 
bby x-ray and neutron reflectivity and the broad- 
ching estimated for bulk diffusion during the 
deposition process (/7). Deposition at 242 K 
(Tq ~ 100 K) produced interfacial widths that 
are consistent with the surface roughness. 

Because the h-TNB4-TNB interface widths 
for deposition temperatures above 242 K cannot 
bbe explained by surface roughness or bulk dif- 
fusion, we tentatively attribute them to enhanced 
mobility within a few nanometers of the surface 
‘of a TNB glass. Such mobility would explain 
bboth the broad interfaces observed in the as- 
deposited samples and the unusually stable glasses 
formed by vapor deposition. At the deposition 
rates used in our experiments (0.1 to 5 rms), 
TNB molecules would be a part of the mobile 
surface layer for ~1 s before they are buried and 
‘become part of the bulk glass. If molecules atthe 
surface can substantially rearrange in 1s they 
‘can find configurations that are near equilibrium 
‘configurations at the temperature of the substrate, 
even if the substrate is well below Ty. 

This rapid configuration sampling at the sur= 
face would, ina layer-by-layer fashion, produce a 
‘bulk glass that is low in the enengy landscape 
with unusually high density and kinetic stabil- 
ity. It would also produce the broad interfaces 
‘observed for deposition at temperatures of 296 K 
and above. Enhanced surface dynamics sim 
ilar to those in our proposed mechanism have 
‘been recently reported. By measuring voltage 
changes induced by the motions of implanted 
ions, Cowin and co-workers deduced a marked 
decrease of the viscosity for the top 3 nm of 
thin films of supercooled 3-methylpentane (19). 
Numerous studies have found evidence for en- 
hanced mobility at the surface of glassy polymer 
films (20-23). 

The surface-mobility mechanism for the 
ceration of unusually stable glasses is supported 
bby an order-of- magnitude calculation. TNB sam- 
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ples vapor-deposited at 296 K have interface 
‘widths of 25 nm, clearly in excess of the width 
associated with surface roughness. We attribute 
the additional | nm of interface width to surface 
mobility and, given a deposition rate of 0.1 nm, 
the mokeules are within the mobile surface 
layer for 10 s. Combining this length and time 
lds an estimate for the surface diffusion co- 
efficient of $= 10"! cm*isee. For bulk TNB, 
this diffusion coefficient is found near T,, where 
the structural relaxation time t, isa few seconds 
(17, 18). Thus, surface molecules plausibly re- 
main mobile for several structural relaxation 
times before becoming buried, anguably long 
enough to find near-equilibrium configurations 
31296 K. 

Given the widespread use of vapor-deposition 
Acchniques, it is surprising that unusually stable 
glasses have not been reported previously In tiet, 
it is commonly reported that_vapor-deposition 
creates low-density glasses with low kinetic and 
thermodynamic stability (24-26), As compared 
\with many reported depositions of metallic and 
‘organic materials, we have used lower deposition 
res andor substrate temperatures that are nearer 
to Ty. We observe the creation of highly stable 
glasses only for substrate temperatures Tae Ty in 
the vicinity of 85, Additionally, we observe that 
increasing the deposition rate can considerably 
decrease the stability of the glasses formed. These 
observations are all consistent with our pro- 
posed mechanism: Faster deposition does not 
allow as much time for equilibration at the sur- 
face and, at low enough temperature, surface 
molkcules will reamange 100 slowly to cquili- 
toate, Indeed, the metallic glass community has 
known for decades that fast, low-temperature 
deposition is required to prepare high-enensy 
lasses that quench thermexlynamically unstable 
mixtures (27), 

We speculate that unusually stable glasses 
ccan be prepared for many systems that a 
vapor-deposited, if surface mobility is enhanced 
and the substrate temperature is. appropriately 
controlled. We anticipate that the availability of 
lovw-cnengy glasses prepared by vapor deposition 
and ess general routes (28) will allow new 
insights into glass formation and the nature of 
the lower regions of the enengy landse 
ble glasses could also affect technolo 
as amorphous pharmaceuticals, where stabil 
ity against erystallization is required to retain 
the enhanced bioavailability of amorphous 
preparation. 
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Unexpected Stability of Al,Hg: 


A Borane Analog? 


X. Li}? A. Grubisi 


* 5. T. Stokes,? J. Cordes,’ G. F. Gantefér,) K. H. Bowen,* 


B. Kiran,” M, Willis,® P. Jena,? R. Burgert,* H. Schndckel* 


‘Whereas boron has many hydrides, aluminum has been thought to exhibit relatively few. A 
‘combined anion photoelectron and density functional theory computational study of the Al.H,~ 
anion and its corresponding neutral, Al.Hy. showed that AlgHg can be understood in terms of the 
‘Wade-Mingos rules for electron counting, suggesting that it may be a borane analog, The data 
support an AlsHg structure with a distorted tetrahedral aluminum atom framework, four terminal 
‘AH bonds, and two sets of counter-positioned Al-H-Al bridging bonds. The large gap between 
the highest occupied and the lowest unoccupied molecular orbitals found for AldMg, together with 
its exceptionally high heat of combustion, further suggests that AldHy may be an important 


‘energetic material if it can be prepared in bulk. 


Ven though aluminum and boron are sis- 
E« ‘elements in the periodic table, alumi- 

um forms only a few hyudrides, whereas 
boron has many, known as the boranes, The 
known hydride chemistry of aluminum is timited 
to Ally and Able, seen in eryogenic matrices 
(2.2) and pethaps the gas phase (3); alane, 
(Ally). a polymeric solid: AIL” and its alkali 
rmctal salts, the alanates, such as LiATHy (*): 
All formed in beams (5, 6): and dissociative 
cchemisomption products of Dy + Aly interactions 
in beams (7), Boron hydrides, in contrast, exhibit 
41 broad diversity of stoichiometries, such as 
Ball, Ballo. Bully, Bgllyo, and Brot ys (8-1), 
Given the electronic similarity between aluminum 
and boron, the lack of a comparable aluminum 
hydride chemistry is puzzling. Are analogous alu 
‘minum hydrides simply unstable under all circum 
stances, or might there be pathways by which 
they can be formed and environments in which 
stable? 
‘We explored these questions by rapidly va- 
orizing aluminum metal in the presence of an 
abundant, albeit- momentary, concentration of 
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hydrogen atoms and the cooling environment of 
fast helium gas expansion, These conditions 
\were provided by a pulsed are discharge source 
(PACIS) (5, 12). The value of the PACIS source 
for studying aluminum chister anion and hydro 
igen interactions was first realized by Gantefir 
and. co-workers, who used it in photoelectron 
studies of HAs” and similarly sized alumi- 
num cluster anions, cach with up t0 two bh 
drogen atoms attached (5). In our study, such 
a source provided a doorway into a much wider 
world of aluminum hydride cluster anions. In 
\CIS source, a discharge is struck between 
fan anode and a grounded, metallic sample 
cathode as helium gas from a pulsed valve flows 
through the discharge region (Fig. 1). When 
fan extender tube is added to this arrangement, 
additional gases can be added downstream, In 


Fig. 1. Schematic diagram of a PACIS source. 


four study, the sample electrode was alumi 
num, and hydrogen gas was back-illed before 
cach discharge event. Upon initiation of the 
pulsed discharge, a plasma containing hydro 
gen atoms (the latter formed by the dissociation 
of H,) expanded down the extender tube, cool- 
ing, clustering, and reacting along the way. 
The resulting anions were then subjected to 
extraction and mass analysis by a time-of- light 
mass spectrometer, Their mass spectra revealed 
that between 1 and 10 hydrogen atoms hal 
boon attached to each aluminum cluster anion 
size. A typical experiment in which aluminum 
cluster anions, Aly (1 = 3 t0 20), were gen= 
crated thus revealed roughly 200 previously 
‘unobserved aluminum hydride anions. A por 
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Fig. 2. (A) Mass spectrum showing the wide variety 
of AljH anions that are formed with the PACIS 
source. Insets show magnified views of selected 
portions of the mass spectrum, revealing individual 
AlHa, species. (B) A portion of the mass spectrum 
showing only the Al,Hy, series. 
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tion of such a mass spectrum is presented in 
Fig. 2A. 

Although we have results on many of these 
species, we chose to introduce this new family of 
aluminum hydrides by focusing on Alle” and 
two similarly sized hydrides. Figure 2B, which 
highlights the Aly. portion of the aluminum 
hydride anion mass spectrum, shows that Aly 
is a magic number species—ic., a reproducibly 
intense mass peak relative to its neighbors. Mast 
‘otien, when a peak in a mass spectrum shows this 
bochavior, the species represented by that peak is 
unusually stable. However, in the ease of the 
anion, All, we saw no plausible reason for 
such special stabil 

‘The explanation for its enhanced intensity lies 
in the photoeleetron spectrum of Alytle . Anion 
Photoelectron spectroscopy wats conducted by 
‘erossing.a mass-selected anion beam with a fixed 
frequency photon beam and analyzing the enensy 
‘of the resultant photodetached electrons. The 
‘energetics are govemed by the energy-conserving 
relationship, hv = EBE + EKE, where hy is the 
photon energy, EBE is the electron binding 
‘energy, and EKE is the electron kinetic energy, 
lulls anions were generated in a PACIS source 
as described above and mass-sekected by a time 
CF flight mass. spectrometer. Their excess ekee- 
trons were photodetached by 4.66-<V" photons 


from the fourth harmonic of a neodymium-doped 
Yyitrium aluminum gamet (Né:VAG) laser and 
then detected by a magnetic bottle electron energy 
analyaer (13). 

The photoelectron spectrum of Alig” (Fig. 
3A)displays two main features, a largely singular 
peak at EBE = 14 and wo or more closcly 
spaced peaks at higher EBE values. All of these 
peaks arise as a result of photodetachment tran- 
sitions from the ground electronic state of the 
Algilg_ anion to the ground and excited electronic 
states of its comesponding neutral, AlH, Be- 
‘cause the peak at lower EBE is due to the ground 
nion)-to- ground (neutral) electronic transition, 
it provides a measurement of the adiabatic elec- 
‘ton alfinity (EA,) of neutral Alte, The EA, of 
Alatl was determined to be 1.25 
(where the enor is the standard deviation). Also, 
the vertical detachment energy (VDE), which is 
the EBE value of the maxima in the lower-EBE 
peak, was found to be 135 = 005 eV. It rep 
resents the maximum Franck-Condon overlay 
between the anion and its corresponding neu- 
tral atthe structure of the anion. Of more inter- 
est, however, is the enengy splitting between the 
ower peak and the first feature among the higher- 
EBE set of peaks. Within Koopmans’ approx- 
imation, this value is the highest occupied 
mokeular orbital-lowest unoccupied molecu- 
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{ar orbital (HOMO-LUMO) zap of the anion’s 
comesponding neutral i.e, the HOMO-LUMO 
gap for Alge. Thus, the HOMO-LUMO gap of 
neutral AlaHg is 1.9 eV. This very large HOMO- 
LUMO gap implies unusual stability. The HOMO- 
LUMO gap of Coo. for instance, is 1.7 €V (U4). 
The high stability of neutral Al, suggests that 
it is particularly abundant, leading 10 enhanced 
‘Aldlg- anion formation. Thus, the high stabi 
of neutral Al appears to be the reason for the 
‘magic number prominence of anionic Aly” in 
the mass spectrum. The high HOMO-LUMO 
Of lst is put into further context by exa 
the photoelectron spectra of the sp 
siately adjacent in size, AUS: and Athy, Their 
Photoelectron spectra are presented in Fig, 3, B and 
, respectively. They each display much smaller 
HOMO-LUMO gaps than does AlgHs (-0.4 and 
~OeV. respectively), showing that Alt is inde! 
‘unusually stable in comparison with aluminum 
hydrides of similar stoichiometris. 

Having found neutral Alt 1 be a particularly 
stable species, we conducted electronic struc= 
ture calculations to determine its structure and 
the nature of its bonding. These were done at 
the Density Functional Theory - Generalized Gra- 
dient Approximation level of theory using a 
Perdew Wang)! exchange-corelation functio 
with triple zeta valence polarization basis sets 
5, 16). Geometries were optimized without 


symmetry constraints, Figure 4 presents the low= 
est energy structure of Ali found by means of 
those calculations. The next higher-energy strue- 
turesoF Alyy and Al, were 0.33and 1.07 eV, 
respectively, above their respective lowesteenenyy 
structures. In the lowestenengy structure Of Alte 
the aluminum atom framework is a distorted 


of two hydrogen atoms forming counterposi- 
tioned bridging bonds across two aluminum 
atoms. Thus, there 
atoms (four AFH bonds) and two 
drogen atoms, The slight distortion of the 
aluminum framework's tetrahedral symmetry is 
due to the presence of the two sets of bridging 
bonds. These same calculations also gave en- 
crgetic results that are in excellent agreement 
with those determined from the photoelectron 
spectrum of AliH In particular, the calculations 


3. The photoelectron spectra of (A) AlgH, (B) AlaHs”, and (C) AlgH,”, all recorded with 4.66-eV Fig. 4. The calculated structure of neutral 


AlgHe, shown to be a distorted tetrahedron. 
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predicted a VDE value of 148 eV and an Ey 
value of 1.36 eV. The HOMO-LUMO gap was 
calculated using time-dependent density function 
al theory and was found to be 1.85 eV. 

Because the structural features scen in Fig. 4 
are reminiscent of those in boranes, its natural to 
compare the structures of AH, and Bully. 
Although Bgl, has not been observed experi- 
mentally, calculations have predicted that its 
structure isthe same as that of Ag (17) Mone 
over, BullsRy derivatives of Bgl, have been 
synthesized, and they too display the same struc 
ture as that of Ala /8). Thus, the similarity of 
the calculated structure of neutral Aly, to that of 
boranes led us to investigate whether the Wade- 
Mingos rules, originally. established 10 relate 
borane yeometries to their electronic struct 
might also be applicable to the aluminum hy- 
ride species we observed. The best known fom 
‘ofthe Wade-Mingos rules (10, 19-24) appli to 
closo-boranes of stoichiometry, Bll? which 
contain Qn + 1) valence electron pairs. OF these, 
‘pairs are required by the B-H temninal bonds, 
Jeaving n+ 1 electron pairs for cage bonding. The 
Wacle-Mingos (1 + 1) nule states that a borane 
With 71 electron pairs for boron cage bonding 
will have a structure based on an vertex paly= 
hhedron, such as Bgl? , which is an octahedron, 
In addition to the boranes, Wade-Mingos rules 
have boen successful in relating electronic struc- 
ture to geometric structure in numerous other 
classes of cluster compounds 

In exploring the application of Wade-Mingos 
rules 10 Aly. we treated it as AL HY? analo- 
sous to Byly* «although formally: Aly shoukd 
be written as Alte? 
the mucteias wellas the electrons. Treating Al, 
as Al EL is justified because the two bridging 
hydrogen atoms donate thir two electrons to the 
‘aluminum skeletal cage. Thus, from an electron- 
counting perspective, All can be viewed as 
Alully * 2c" oF ALLE. In the case of ALI. 
there are 18 valence electrons. Eight of these are 
involved in forming four ALH terminal bonds, 
leaving 10 electrons oF five pairs for cage bond- 
ing. Because m+ 1 = S, 1 is equal to 4, which 
implies a tetrahedral structure. A. strict appli- 
cation of Wade-Mingos concepts to the n= 4 
‘ease, however, would instead predict Jahn-Teller 
distort tetrahedral cage, given thatthe occupied 
molecular orbitals. in tctrabedral symmetry are 
both degenerate and paral filled. Nevertheless, 
this symmetry-borne restriction is moot inthe case 
fof Alls, because the presence of two bridging 
hydrogen atoms decreases its symmetry 1 Dag. 

the nwo sets of bridging bonds are 
each three-center, two-electron bonds in which 
the AL-AI inkage in each AI--AI bridge bond is 
Vitalie. the bridged hydrogen is an integral 
part of the closo-AljH, cage. Thus, with only 
minor caveats the predicted structure is consist 
cent with our calculated structure in Fig. 4, and 
although the Wade-Mingos rules were not de 
eloped for this particular case, they fit it 
relatively well. Thus, despite the differences 
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between the hydride chemistries of boron and 
aluminum, AlgH displays substantial bonding 
and structural similarities to the boranes and thus 
is analogous to them. There are also other inter- 
esting touchstones. For example, the bonding in 
Alte would be considered by some to be an 
‘example of three-dimensional aromaticity (25), 
several other tetrahedral Aly structures have baen 
observed among inorganic clusters in the solid 
state (26, 27), and before now, AlyaRj3?” (where 
R isa butyl group) was the only example of an 
‘aluminum cluster anion reported to adhere wo the 
Wade-Mingos rules (28). 

Furthermore, it now becomes clear why 
neither Algs nor Al exhibit notable HOMO- 
LUMO gaps (Fig. 3, B and C), Both Alytls and 
Alufhy have odd numbers of valence elections 
(17 and 19, respectively), and the Wade-Mingos, 
rules deal only with even numbers of electrons 
With electron pairs. Thus, the large HOMO- 
LUMO gap of All and the small HOMO- 
LUMO gaps of AlHs and Aly are consistent 
With the Wade-Mingos rules. 

Allg i an impressive high-eneray density 
molecule of cluster that may have application in 
propulsion. We calculated the heat of combustion 
(of Alga to the proxtucts, AbOs and water, to be 
438 kealimol, ~2.6 times greater than that of 
methane, Moreover, given the thermodynamic 
driving fore required to go all the way to alu- 
‘mina and water, iis unlikely that the combustion 
proxlucts of Aig will sop at some intermediate 
species as boranes ane known to do, Furthermore, 
the large HOMO-LUMO gap for AlgHq implies 
‘that it may be relatively stable and perhaps can be 
synthesized in bulk quantities. I s0, Alglty and 
related species could be important cnengetic 
materials 
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Divalent Metal Nanoparticles 


Gretchen A. DeVries, Markus Brunnbaver, Ying Hu, Alicia M. Jackson, Brenda Long, 
Brian T. Neltner, Oktay Uzun, Benjamin H. Wunsch, Francesco Stellacci 


Nanoparticles can be used as the building blocks for materials such as supracrystals or ionic 
liquids. However, they lack the ability to bond along specific directions as atoms and molecules do. 
We report a simple method to place target molecules specifically at two diametrically opposed 
positions in the molecular coating of metal nanoparticles. The approach is based on the 
functionalization of the polar singularities that must form when a curved surface is coated with 
‘ordered monolayers, such as a phase-separated mixture of ligands. The molecules placed at these 
polar defects have been used as chemical handles to form nanoparticle chains that in tum can 


‘generate self-standing films. 


anoparticles that consis of erystals of 
tens to thousands of atoms have been 
used as “artificial atoms” to form supra- 
crystals that mimic ionic solids (/) or to form the 


nanoscale equivalent of ionic liquids (2), Breaking 
the interaction symmetry in these isotropic and 
almost spherical materials is a major challenge. It 
is increasingly evident that nanopaticles. would 
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become a much more powerful research tool if it 
\were possible to place a known small number of 
molecules in their ligand shell to enable dirce- 
tional assembly, for example. This would enlarge 
the scope of potential applications, because 
“anisotropic assemblies have distinctive properties 
that cannot be found or produced in isotropic as- 
semblies (3, 4), Indeed, a lange rescarch effort to 
direct the assembly of nanoparticles (NPs), based 
primarily on biomolecules (5-9) or other tem- 
plating agents (/0), has been hindered by a lack 
fof control over the number of receptors that 
interact with the templating agent. Approaches 
‘based solely on stoichiometry tend to require 
dilute aqueous solutions, resulting in limited 
throughput (/7, 12), Recently, creative methods 
to introduce single valeney in NPs have been 
developed, mostly through solid-state reactions 
(13-16), We present an approach to funetionalize 
monolayer protected! metal NPS at two diametri- 
cally opposed points that exist as a consequence 
‘of the topological nature (/7, 18) of the particles 
specifically, we have made NPS that act as 
livalent building blocks Cartificial monomers"), 
and can be reacted with complementary divalent 
miolgeules to form chains that can then proxtuce 
selE-standing films, 
tected metal NPS are supra 
molecular assemblies consisting of a metallic 
coated with a self-assembled monolayer 
‘SAM) composed of one or more types of thiol 
terminated molecules (Higandls). {tis known that 
molecules in SAMs on flat gold surfaces form a 
twodimensional 2D) erystal in. which every 
molecule conforms to the same tilt angke and 
direction relative tothe surface normal 9, 20) in 
‘onder to maximize the van det Waals interactions 
With its nearest neighbors. Landman and co- 
Workers (2/) addressed the question of the 
morphology of the ligand shell SAM on the 
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faceted surface of a gold NP. They found that 
ligand molecules conform to one single tilt angle 
relative 10 a common particle diameter rather 
than assuming their equilibrium tit angle on each 
crystallographic facet, which would generate a 
Farge number of line defects along facet edges. 
That is, the vectorial projection of the tied lig- 
and molecules propagates around the particle. 
This needs to be reconciled with the fact that on a 
topological sphere a 2D crystal cannot exist 
unless two separate point defects are present 
22, 23), This is commonly known as the “hairy 
boll theorem” that states that itis not possible to 
“align hairs” onto a sphere without generating 
‘wo singularities (such as the whirl on the back of 
‘our heads). Recently, we have shown (/8, 24) 
that mixtures of thiolated molecules, which on 
fat gold surfaces separate imto randomly distrib- 
tuted domains (25), form ordered altemating 
phases (ripples) when assembled on surfaces 
With a positive Gaussian curvature, such as the 
core of an NP (Fig, LA). These types of domains 
\ill profoundly demarcate the two diametrically 
‘opposed singularities at the particle poles, where 
the rings collapse into points (Fig. 1B). We 
conjecture that, in the ease of a self-assembled 
ligand shell, the polar singularities: manifest 
themselves as defect points, that is, sites at which 
the ligands must assume a nonequilibrium tik 
angle. Ligands at the poles, being not optimally 
stabilized by intermolecular interactions with 
their neighbors shou! be the first molecules 10 
bbe replaced in place<xchange reactions (SOM 
Text SD. 

Gold NPs coated with a binary mixture of 
|-nonanethiol (NT) and. 4-methylbenzencthiol 
(MBT) were synthesized and characterized. by 
scanning tunneling microscopy (STM). Ordered 
rings similar in nature and spacing to the ones 
‘observed previously (18) were found. These mol 
cules were chosen for multiple reasons: They 
have a strong driving force for phase separation 
and a large STM contrast, and are terminated 
with unreactive methyl groups. ‘Transmission 
electron microscopy (TEM) was used to deter 
mine the size distribution and the molecular 


Fig. 1. From rippled particles to 
INP chains. Idealized drawing of (A) 
a side view and (B) a top view of a 
rippled particle showing the two 
polar defects that must exist to 
allow the alternation of concentric 
rings. (C) Schematic depiction of 
the chain formation reaction. 


yo 
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‘weight of the NPS. To place-exchange atthe polar 
defects the particles were dissolved in solution 
containing 40 molar equivalents (relative 10 the 
moles of paricles) of 11 -mereaptoundecanoie 
acid (MUA )activated by N-hydroxysuecinimide. 
‘Afier string for 30 min, the reaction was rap 
idly quenched by filtration over a Sephadex 
column or by inducing precipitation with de- 
ionized water, A two-phase “polymerization” 
reaction inspired by the well-known procedure 
to synthesize nylon was then performed by com- 
bining an organic (toluene) phase containing the 
MUA functionalized particles with a water phase 
containing divalent 1,6-<iaminohexane (DAH) 
Fig. 10), 

Within a few minutes, a precipitate begins to 
format the water-oluene interface (Fi. SI, fter 
a few hours, the reaction reaches equilibrium, 
‘The precipitate can be re-dissolved in tetrahy~ 
<drofaran (THE) and dropped onto.a TEM grid or, 
conversely, collected directly on a TEM grid and 
finsed with THE, TEM images in both cases 
show a large population of linear chains of N 
ranging trom 3 to 20 NPs in length (Fig, 2). The 
Jow fraction of branched chains and the absence 
of 3D aggregates in the images strongly supports 
the dca of selective fianetionatization atthe two 
opposed polar defects and suggests that polar 
singularities react even faster than other defects 
the ligand shell 

Many control experiments were performed to 
jbserve the Formation (or lack thereof) of @ pre- 
Gipitate and the presence oF absence of chains 
‘TEM images of both the precipitate and the tol- 
‘uene phase (fig. S2). Mived-ligand rippled NPs 
showed precipitate only when pole-functionalized 
‘with MUA, either activated or not activated. NPS 
containing carboxylic acid groups everywhere 
the ligand shell formed, as expected, only lange 
3D aggregates resulting from nondirect 
interparticle bonding, In general, precipitate was 
riot observed when DAH was not present in the 
water phase or when the particles lacked 
boxylic acid terminated ligands, proving that the 
prccipitate is a product of an amide-coupling 
reaction leading to an amide bond (in the ease of | 
activation) oF to a salt, A statistical analysis was 


Fig. 2. TEM images of chains that compose the 
‘precipitate obtained when MUA pole-functionalized 
rippled NPs are reacted with DAH in a two-phase 
reaction. Scale bars 200 nm, inset 50 nm. 
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Fig. 3. Variation in interparticle 
distance with linker molecule. (A) 
Distribution of interparticle distances 
in chains with DAH linkers (blue) and 
EGDA linkers (red). The average 
interparticle distance for DAH was 
2.2 nm + 0.4 nm; for EGDA, it was 
4.2 nm + 0.9 nm. Note that the 
measured distributions barely over- 
lap. Insets show TEM images of rep 
resentative chains of each type. 
‘Scale bars, 20 nm, (B) Schematics 
illustrating (lef the potential ge- 
‘ometry of NPs that could result in 
the measured interparticle distances 
being smaller than the length ofthe 
linker and (right the conformation 
al freedom of EGDA that could re- 
sult in the observed wide distribution 
‘of interparticle distances for ths type 
of chain, 


performed on chains and controls resulting from 
‘one-phase syntheses (26), Afier analyzing more 
than 40 samples with a total population exceed- 
ng $0,000 prices, it was found that the average 
faction of particles in chains was 20% (SD 
8%), whereas in all control experiments only 310 
of the NPs were found in chainlike structures. 
The one-phase synthesis had a lower yield than 
the interfacial two-phase reaction, 

‘To further prove that the chains observed 
in our TEM images were duc to molecular 
ng of our panicles, the synthesis was per 
formed with one of two divakent linking mok- 
‘cules of different lengths: DAH and Q.0-Bis2 
aminoethyDoctadecacthylene glycol (EGDA). 
We then measured the average intempaticle sep 
aration along the chain (defined as the distance 
etween the two nearest points oF facets). AS- 
suming an all-trans conformation for the molke- 
ular tinkers (i. Wo MUA mokkeules covalently 
bonnled to cither DAH or EGDA), the expected 
interparticle distance would be 3.6 and 9.6 nm, 
respectively. Analysis of TEM images showed an 
average interparticle separation of 2.2 nim (SD = 
(0.4 nm) for DAH and of 4.2 nm (SD = 0.9 nim) 
for EGDA (Fig. 3A), proving that the observed 
chains are kept together by the molecu Hinkers 
The larger spread in the EGDA distribution was 
pected because of its greater conformational 
freedom (Fig, 3B). Evidence that chains are 
present in solution (as opposed to being caused 
by solvent drying) was also obtained through 
light-scattering experiments. We found an in- 


chains as compared with solutions of identical 
optical density containing only the starting par- 
ticks (Fig. $3), proving the presence of agere- 
izates in solution, Moreover, NPs of two different 
sizes (average diameter 10 and 20 nm, respective- 
|y) were pole-functionalized with l6-mercapto- I~ 


tensity for THE solutions of 
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hexadecylamine and reacted with scbacoyt 
chloride (a divalent molecule) to form chait 
of random composition (fig. S4). When the 
‘sume particles wore cast on a TEM grid without 
previous poke functionalization or without react- 
ing with sebacoy! chloride, primarily isolated 
partickss were obtained. To prove the dynamic 
nature ofthe chains, we exposed them to a. lange 
excess of NT for 3 days and observed only 
isolated particles in TEM images (fig. SS), Poles 
provide a distinctive way to place NPs on a 
surface with their ripples parallel tw the substrate 
plane. STM images of samples prepared in this 
way lack the striations present when the sample is 
prepared such that the ripples are perpendicular 
to the substrate plane (fig. S6). 

Place-exchange reactions have been thor- 
‘oughly studied by Murray and co-workers 
(27-29), They found that molecules exchange 
first at defects in the ligand shell or at comers and 
‘edges of the core crystal. Using nuclear magnetic 
resonance, they calculated the initial rate of the 
ligand-exchange reaction: For |-octancthiol 
coated! NPs they found a second-order reaction 
rate constant of 3 10? M“' 5" (27). In our sys- 
tem, the place-exchange renction reaches equi- 
Hibeium (at least for pole fianctionalization) after 
10 min (30), Given that the number of NPs that 
contain at least one MUA molecule in their 
ligand shells can be experimentally evaluated (by 
making the conservative assumption that every 
MUA-functionalized panicle will react to form 
an insoluble chain), the second-order rate con- 
stant was found to be 1.67 M™! s, about two 
orders of magnitude larger than that observed 
for homoligand NPs (27). Applying the fastest 
second-order rate constant published (27), the 
number of MUA mokeules that would have 
reacted at defects other than the poles under our 
reaction conditions is only 1 MUA molecule 


per 100 NPs. Itshould be pointed out that () we 
assume that every chain precipitates but observe 
few dimers in TEM images of the precipitate, 
hence they must still be soluble; and (ii) we 
assume that only one MUA molecule is located 
at each pole, Faster rates of reaction would be 
obtained if any of these assumptions were re- 
moved. These kinetic experiments show that 
defects at the molecularly defined polar singu- 
larities of mixed ligand NPs are thermodynami- 
cally distinet fiom those at crystallographically 
fined vertices of the core crystal, Most ex- 
periments were performed with particles with 
an average diameter of ~4 nm; as the size of the 
particles changes, itis reasonable to expect that 
the rate of polar reactions will vary, The polar 
singularities will exist only in a cenain size 
range: On surface hemispheres with a radius 
larger than 20 nm, ripples do not form (78), and 
a similar behavior is expected on NPs, Inves~ 
tigations are under way to determine the lower 
size limit; we have observed ripples and chains 
in NPs as small as 3 nm in diameter, 

Enough NP chains at the watertoluene in- 
terface have been produced 10 form a continuous 
film as large as 1 em? ¢f 
‘conclusion is that these 
can reach 60 im) must be composed of multiple 
interwoven chains, Whereas the chains described 
hore are soluble in dichloromethane (DCM), the 
ns when phiced in DCM quickly lose any’ 
‘unreacted particles but maintain their structural 
integrity and then take weeks to dissolve, The 
van der Waals interactions between the ligand 
shells ofthe particles wagether with the interchain 
‘momhology prov ide enough mechanical strength 
tomake these purely NP films selfstanding, Con- 
trol experiments show that, in situations: where 
chains are not formed, one of two extreme cases 
happen. When the entire ligand shell cam react 
‘with diamine (e.g, there is carboxylic acid in the 
ligand shell), coarse powders that are insoluble 
in any solvent are formed. When the ligand shell 
cannot react with diamines, semicontinuous 
films form, but only after the toluene has com 
pletely evaporated: these materials can at times 
be sell-standing but always readily dissolve in 
‘organic solvents, 
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Global-Scale Similarities in 
Nitrogen Release Patterns During 
Long-Term Decomposition 
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Litter decomposition provides the primary source of mineral nitrogen (N) for biological activity 
in most terrestrial ecosystems. A 10-year decomposition experiment in 21 sites from seven biomes 
found that net N retease from leaf liter fs dominantly driven by the initial tissue N concentration 
and mass remaining regardkess of climate, edaphic conditions, or biota. Arid grasslands exposed to 
high ultraviotet radiation were an exception, where net N release was insensitive to initial N. Roots 
Teleased N linearly with decomposition and exhibited little net N immobilization. We suggest that 
fundamental constraints on decomposer physiologies lead to predictable global-scale patterns 


in net N release during decomposition, 


iter decomposition converts the products 
I of photosynthesis to inorganic compo 
fyents and stable soil organic matter. De- 
composition releases more carbon (C) annually 
than fossil fuel combustion (7, 2), and it rep 
resents the primary source of nutrients for plants, 
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and both nutrients and energy for microbe 
‘over biological time scales (3, 4. This is par- 
ticularly true for the supply of nitrogen (N), 
which lacks a notable geologic input and is 
‘commonly a fimiting element 10 plant growth 
(5). Internal recycling of N from litter decom 
Position thus provides a key resource for eco- 
system productivity 

Litter decomposition is a lengthy process 
generally requiring years to decades for com- 
pletion, and considerable N remains in liner 
after the intial decomposition phase (6-8). The 
Yast_ majority of decomposition studies have 
‘been conducted over short time periods (<5 
years), and at local scales using site-specific i 
ters (9-11), making cross-site comparisons dif- 
ficult. The lack of long-term broad-scale studies 
‘on liter decomposition and nutrient release 
inhibits our ability to accurately predict eco- 
system C balance and response 10 environ- 
mental change at regional and global scales. The 
Long-Term Intersite Decomposition Experiment 
(LIDET) was a 10-year effort encompassi 
most of the world’s biomes designed 10 deter- 
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‘mine long-term controls on decomposition and 
nutrient immobilization or mineralization, The 
study used several lea and root litters that dif 
fered in chemical quality, with a core set of five 
to six leaf Fitters and three root litters that were 
decomposed a all sites (12). This data set is 
‘unique in that it encompasses the global array 
of climatic conditions (Table 1), includes. 
wide range of soil types and associated soil 
microbial community compositions, and was 
carried out over an unprecedented time span 
Gur goal was to use the LIDET core litter dat 
set (/) fom upland terrestrial sites to deter- 
mine which combination of climate, initial 
litter chemistry, and site-specific characteristics 
(eg. those derived from edaphic conditions and 
decomposer biota) best predict long-term 
potters in titer N- dynamics during decom 
position (J, 0, 12-14), The data set inchided 
seven biomes, cach with at least 10 replicate 
sites (© 21 sites), We used mean annual tem 
perature and. precipitation, actual evapotran- 
spiration, and the climatic decomposition index 
{CD} as potential predictors of decomposition 
rates and N dynamics (Table 1). The CDI incor- 
porates seasonality in temperature and mois- 
ture and has been shown to be well corelated 
‘with decomposition rates over 1 t0 S years (J) 
The core litters were chosen to encompass a 
wide range of C:N ratios, and concentrations 
of N, lignin, and other secondary compounds 
(Table 1, table S2), 

CDI was the best predictor of decom 
position rates globally (correlation coefficient 
P= 0.68), Leaf and root liter decomposition 
were slowest in the cold, dry regions, such as 
boreal forest and tundra, and fastest inthe 
‘warm, moist tropical 1). A notable 
‘exception was the rapid leaf litter decomposition 
sate in arid-zone perennial grasslands despite 
CDI of 0.11 (Fig. IC); these ecosystems may 
have been affected by ultraviolet (UV) radiation 
(05-17) in addition to climate 

Unlike pattems in mass loss, net N immo- 
bilization and release in leaf litter were strongly 
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Table 1. Climate data for the seven biomes used in this study. The mean 
time to the initiation of net N release (TNET) is given in years for each leaf 
litter species and biome and was calculated using the bestit equation to 
determine the point of maximum net N immobilization (28). Mean 


precipitation (PPT), temperature (TMP), actual evapotranspiration (AEN), 
‘and the climatic decomposition index (37) are shown. TRAE, Triticum 
aestivum; PIRE, Pinus resinosa; THPL, Thuja plicata; ACSA, Acer 
saccharum; QUPR, Quercus prinus; DRGL, Drypetes glauca. 


Mean Mean Climatic ggg ar TRAE. = PIRE. = THPL ACSA _QUPR. 
Biome annual PPT annual decomposition MWS" *T 0.38% N 0.58% N 0.62% N O.80%N 1.02% N 

(mm) TMP.CO)_index (COD NET TNET TET TET _—_TNET 
‘arid grassland 331 Bo oat 3490 = ~ = = ~ = 
Humid grassland 807 98 030 1138 35 3 39 175 16 025 
Tundra 7838-60 0.09 589 9s 76 64 26 16 os 
Boreal forest 750 0.0 oz 830 64 4 4 26 13 05 
Coniferous forest 1840 n2 o27 1058 38 26 22 14 o7 025 
Deciduous forest 1485 88 032 1070 185 a 09 o8 0.33 02 
Tropical forest 3210 23.6 078 1429 o4 06 035 os 02 on 
controlled by initial tissue N concentrations 1005 A c 
regardless of climate, other litter quality param- ia. Leaves 1 Leaves 
ler, or site characteristics. A single, continuous %0. 
nonlinear regression derived from the data ex- ©: ia 
plained 77% of the variability in net N immo- 
bilization and release as a function of initial leat z=” 40. 
liner N conoenvations and mass remaining for 20. ES 
all forested biomes, humid grasslands, and H 
tundra ecosystems (Fig. 2) (8), Pats in net 3° ° 
N immobilization and reksase were clearly aN 10,0 
delineated into four categories based on the 0! Foots 59 Roots 
initial lea litter N concentrations (Table 1 high 2 
N (1.98% N, Diypetes glauca), intermediate N a) o 
(1.02% N, Quercus prinus), low N [0.38 to «0! «0 
0.80% N, Pinus resinose (decomposed at all but 
four sites), Thuja plicata, Acer saccharum), and =) =a! 
very low N (0.3% N, Triticum aestivum), Liter 0§ ee OS 
high content haa! the best fit to the ‘Time ( Sime () 


0.91), although we couk! stil 
explain 47% of the variation with the fow=N 
Titer that had the poorest fit Leaf litters with 

wermediate 10 high initial N- concentrations. 
showed litte oF no net N_ immobilization, de- 
fined as the fraction of original N >t (Fig. 2, A 
and B). Substantial net N release stated when 
“40% of the mass was lost. The maximum 
fraction of original N immobilized increased 
as the initial N concentration decreased 10 low 
and very low kevels (Fig. 2. A to D). There 
was also a general patter of inereased vari- 
of the fraction of N remaining as the 
content of the leaf liter decreased. On 


“Breat! “feet” “Brest “Team! Toe 
Fig. 1. Average mass remaining as a function of time for LIDET core leaf (n = 5 to 6 species) and 
root (7 = 3 species) litters decomposed in 21 sites. (A) Leaf litter decomposed in forest and tundra 
biomes; (B) root litter decomposed in forest and tundra biomes; (C) leat litter decomposed in 
humid and arid grasslands; (D) root liter decomposed in humid and arid grasslands. Each species 
and litter type was decomposed in replicate bags and collected at multiple time points. Results 
show that leaf and root litter decomposition rates generally increase as the CDI increases (Table 1). 
In arid grasslands, leaf litter decomposed more rapidly than expected (based on the CDI), possibly 
due to photodegradation. 


Humid Grassland Ard Grassland 


release during litter decomposition because 
microbial decomposers should only release N 


N concentration and the mass remaining during 
<dccompositon, 
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wwe, 170% of the initial N was immobi- 
Fized! (net) in the litter with very low initial N, 
and net N release occurred only after 60% of 
the mass had been lost 

‘These data demonstrate that fundamental 
‘constraints on microbial physiology lead to pre- 
dictable pattems in net N- immobilization and 
release during long-term decomposition. Pat- 
tems in net N immobilization and release have 
been shown to be related to the initial N con 
centration of specific leaf liters (79, 20), but 
these relations were thought to be dependent 
upon climate, other litter chemical characteristics 
(7), edaphic conditions (27, 22), or microbial 
‘community composition (23, 24). Theoretically 
the C:N ratio should dominantly control net N 
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when their N requirements have been met. At 
low CN ratios (ez. high N concentrations), 
decomposers meet their N requirements directly 
from the litter. At higher initial C:N ratios, net 
immobilization typically occurs as microbes 
access N exogenous to the liter and convert it 
to microbial biomass or exoenzymes (ez. (25)]- 
Immobilization of exogenous N is presumably 
controlled by N availability in the environment. 
Pattems in net N release and immobilization 
should thus be dependent upon the relative C:N 
ratios of the decomposer omganisms and the sub- 
strate, as well as N availability in the environ- 
ment. Here we show that leaf liter N dynamics 
can be predicted at broad spatial and long 
temporal scales based only on the initial liner 


Net N release started when the average C: 
ratio of the leaf liter was less than 40 (a range 
of 31 to 48), This is somewhat lower than in 
a 6-year decomposition study across Canada 
(CN = $5) (22). The Canadian study used a 
narrower range of intial liter N and reported 
‘no relation between initial N concentration and 
rates of net N release. However, when net N 
release and immobilization are examined pet 
‘unit of mass remaining, results were similar to 
the LIDET study. 

As with mass loss, there was one exception 
to the pattem of net N release from the LIDET 
study. In arid-zone perennial grasslands, leat 
litters with low and very low initial N concen- 
trations showed a linear trend of net N release 
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2. Fraction of 257A 1.98% N 2sre 1.98% N 
original liter N remain = 20 20 
jing as a function of = 4.5, is 
the leaf litter mass yg ~ Z be 
remaining for tundra, ge bed 
‘grassland, and forest 
biomes. (A) to (D) in- 2 2 
clude all biomes except < 25/8. 1.02% N <3 
arid grasslands; (E) to 20 & 20 
(H) compare arid and 2 15 . 8 
humid graslands. Data 2 1.0 Fe u 2 
‘are divided into litter Sos % 3 
high in initial NA and Eg = 
B, intermediate initial 3 
NN (B and F), low initial S 0.58 - 0.80% N § 

N (Cand @), and ex J a 
tremely low intial N(D cE & 


and H). The lines on 
the graphs show the 
bestfit model for de- 
scribing the pattem of 
fraction of original N as 
function of the intial 
N concentration of 
the litter (18). Model 
results match the 
observed data and 


show that net Nim 
mobilization, defined as 
an absolute increase in 
'N concentration of the 
liter, i highest forthe 
leaf liter with very low 


forest forest 


‘Mass Remaining (*%) 
"Boreal * Contr * Deciduous “Tropical *Humi 
forest forost 


grasslands 


‘Mass Remaining (%) 


"Humid Grasslands # Avid Grasslands 


initial N concentration and decreases to minimal values for high initial N concentration of leaf litter. Leaf litter in arid grasslands was an exception showing no N 


immobilization in the low and very low N titers. 


With tittle oF no net N immobilization (Fig. 2, E 
and F). The patter of net N release versus mass 
remaining for arid grasslands could be described 
by an equation with no effect of initia fitter N 
‘concentration (/8) (Fig, 2, E to 1). This con- 
trasts with the results from humid grasslands 
that exhibited increasing net N immobilization 
as the initial N concentration of the kf litter 
decreased (Fig. 2, E to 1). Leaf fitters de 
composed faster in humid grasslands than in 
arid grasslands during the early stages of de 
‘composition, but decomposition increased more 
rapidly in arid grasslands afier the first 3 to S 
‘years to a level equivalent to that of deciduous 
forests (Fig. 1). This was surprising given that 
the CDI for arid grasslands is <S0M%» that of the 
humid grassland and deciduous forest biomes 
The elect was not seen fr root tissues, which 
were decomposed below ground and decayed 
faster in humid grasslands than in arid) grass- 
lands (Fig. 1D). The rapid increase in lea liter 
decomposition during the later stages of decom- 
Position and the linear net N release regardless 
‘of initial N concentration in arid grasstands may 
‘be caused by photodegradation. Arid grasslands 
typically have less than 100 gm? of standing 
five and dead plant tissues, whereas humid 
gmisslands have more than 400 g m> above- 
‘ground plant biomass that intercepts most of the 
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‘solar radiation before it gets to the surface leaf 


liter (26). Studies conducted during the carly 
stages of decomposition (1 t 
grasslands. have produced confi 
regarding the effects of UV radiation on de- 
‘composition processes (/5, 27, 28), However, 
recent studies suggest that where biotic decom- 
position is not favored (such as high fitter 
lignin:N ratio and low moisture availability 
typical of arid grasslands), the abiotic process, 
of photodegradation may predominate (16). 
This mechanism could explain the lack of a 
strong correlation between N concentration and 
decomposition, as well as the absence of net N 
immobilization at these sites. 

Contrary to pattems of net N immobitization 
and release with mass loss, the time required 10 
initiate net N release (TNET) was sensitive 10 
initial tissue chemistry and climate, The TNET 
was inversely correlated with initial litter N and 
CDI (7? = 0.77, P< 001) (Table 1). The retation 
with CDI reflects the climatic controls on 
decomposition rate. The humid tropical biome 
had the lowest TNET values, ranging from 0.5 
‘year for very low initial N litter to less than 
(0.1 year for high initial N liter. In the tundra and 
boreal forest biomes, it took more than 7 years 
for net N release to occur in litter with very 
low initial N. but only OS year for net N 
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Fraction of intial Nitrogen 


Mass remaining (*%) 


Fig. 3. Fraction of original root litter N remaining 
as 2 function of the litter mass remaining for 
Dopetes glauca root liter (A), and Andropogon 
‘gerard: and Pinus elbottt root litter (B), decom 
posing at the LIDET sites. Net N immobilization was 
‘minimal for decomposing root liter, with N being 
released as soon 3s decomposition of root iter 
starts. The equation for the DRGL roots is y 
.0001x? + 0,0221x + 0.0192, 1? = 0: 
the relation for the PIEL and ANGE roots is y = 
0.0087x + 0.1409, r? = 0.87. 
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release from fitter high in initial N. The TNET 
\Was at least 50% faster for most leaf litters de- 
‘composed in temperate deciduous forests when 
compared to coniferous forests and. humid 
grasslands, all with similar CDIs (Table 1). 
Within a given CDI level, other factors such as 
edaphic conditions or decomposer commun- 
ities may contribute to the differences observed 
(29, 30). At the highest leaf liter N concen- 
trations, all biomes experienced net N release 
during the first year of decomposition. 

Root litter N followed a linear pattem with 
mass remaining (Fig. 3) and could best be 
described by two equations. The first was for 
D. glauca roots, which demonstrated a small 
amount of net N immobilization early in de- 
composition for a range of sites, possibly duc 
to slightly higher concentrations of nonpolar 
extractives and slightly lower acid extractable 
carbohydrates concentrations than the other 
species (table $2), The second equation de- 
scribed net N release forthe pine and grass roots 
that did not immobitize N-during decompo- 
sition. A comparison of litter N dynamics during 
decomposition of pine and grass roots with leaf 
Finer of similar initial N concentration (Figs. 2 
and 3) showed that N-was released from roots 
much more rapidly than from leaf litter, Roots 
released N as soon as liter decomposition was 
initiated (CN ratio > 50). Microbial decom 
posers in the soil may have greater access 10 
moisture, organic matter, and mineral N_ than 
microbes involved in lea fitter decomposition at 
the soil surface, which would facilitate net N 
release during decomposition (3/), Similar 
pattems in-net N release in roots have been 
deseribed for native root liter decomposed in 
tu in grasslands (32), temperate broadleat 
forests (4), temperate conifer forests (4), and 
inoist and humid tropical forests (35, 36), 

Our data show that the initial N’-concentra- 
tion of leaf liter is a dominant driver of net N 
immobilization and rekase during long-term 
ition ata global scale. This 
ms regardless of climate, other litter chem 
ical properties, edaphic conditions, oF soil mi- 
<robial communities. Our data also show that N 
ean be rekeased early in. decomposition from 
high-quality liters in environments that support 
ow decomposition rates. The time required to 
initiate net N release was predicted. from the 
initial N of the liter and the CDI across biomes, 
but required more site information within a 
given CDI, Roots generally lost N linearly with 
mass loss during decomposition. Because N 
release during decay plays a fundamental role in 
net ecosystem production, improved under- 
standing of the controls on net N release during 
decomposition is likely to greatly improve our 
ability to predict terrestrial C dynamics at global 
and regional scales. 
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Water Solubility in Aluminous 
Orthopyroxene and the Origin of 
Earth's Asthenosphere 


Katrin Mierdel,” Hans Keppler,** Joseph R. Smyth,” Falko Langenhorst”* 


Plate tectonics is based on the concept of rigid lithosphere plates stiding on a mechanically weak 


asthenosphere. Many models assume that the weakness of the asthenosphere i 


related to the 


presence of small amounts of hydrous melts. However, the mechanism that may cause melting 
in the asthenosphere is not well understood. We show that the asthenosphere coincides with a zone 
where the water solubility in mantle minerals has a pronounced minimum. The minimum is due 


to a sharp decrease of water solubility 


luminous orthopyroxene with depth, whereas the water 


solubility in olivine continuously increases with pressure. Melting in the asthenosphere may 
therefore be related not to volatile enrichment but to a minimum in water solubility, which causes, 


‘excess water to form a hydrous silicate melt. 


roughly coincide with the low-velocity 
Hone, a layer of reduced seismic veloc- 
ites and increased attenuation of seismic waves. 
The low-velocty zone usually begins at a depth 


E= asthenosphere is often assumed 10 


.0f 60 to 80 ki below the oceans and ends around 
220 km (/), Below continental shields, the upper 
foundry is depressed to 150 km. The seismic 
characteristics of the low-velocity zone could be 
casily explained by the presence of a smal f 


wwwesciencemag.org 


Table 1. Experimental results on water solubility in aluminum-saturated 
enstatite, All experiments were carried out using an oxide-hydroxide mixture 
as starting material, except as noted. Number of infrared measurements 
refers to the numbers of different spots measured, usually on different 
‘cyptals, Water contents (in ppm by weight) were calculated from the infrared 
data according to two different extinction coefficients, from Bell et a. (13) 
and from Paterson (26). Errors are one standard deviation. Water contents in 
‘atoms H per 10* Si can be obtained by multiplying by a factor of 223. All 
data reported here for a given pressure and temperature were included in 
the calibration of the thermodynamic model of water solubility. Solid 
phases detected refer to those phases that could be directly observed by 
x-ray diffraction or Raman spectroscopy. However, all the samples must 
have contained some aluminous phase, probably spinel or pyrope, as the 


REPO! 


‘aluminum content of the orthopyroxene was always several weight % lower 
than the aluminum content of the starting material A fluid phase was 
‘always present during the experiments, as all samples released considerable 
‘amounts of water upon opening of the capsules. No evidence for melting 
‘was seen, as the run products were usually loose powders without interstitial 
lass. Some fluffy material and isolated glass beads probably represent 
material precipitated from the fluid upon quenching. En, enstatite; Sp, 
spinel; OL olivine; Prp, pyrope; Cm, corundum; Ky, kyanite; Sr, sapphirine: 
Prl, pyrophylite. Al contents in enstatite were sometimes slightly in- 
homogeneous. The numbers and standard deviations given were usually 
derived from more than 100 individual analyses of different crystals in the 
charge. The molar MajSi ratio in all samples is equal to 1 within the error of 
the measurement. 


sample TQ. Duration Pracly Scone beet Solid phases Alz03 content in 
(kbar) (huts) aiarees Bellet ol. 3) Paterson (28) detected enstatite (weight %) 

En63 800 6 168 2 8420 = 750 0 = 235 En, Gin 922099 
59/4 900 5 70 6 3710 = 795 28102575 En, OL, Sp, Sr 10.05 + 0.85 
E591 900 5 168 5 8380 + 3030 6730 = 2280 fn, Cn 899 +15 
£59 900 5 168 1“ 8290 = 2650 6720 = 2210 En, Crm 119 £2.22 
En60 100015 120 6 3110 = 600-2440 + 465 En 8.28 22.2 
ka 11005 120 5 24602960 1860 = 780 En, O1, Sp 67 £133 
kav 11005 120 4 173024501340 + 325 En 

ma72 10035 168 2 1590 + 185 1290 + 255 En, Sp, (00 ¥ 
E86 8005 168 2 4670 = 655 3590 + 600 En, ky 6.67 + 2.44 
En85 9005 168 4 6400 +1330 5040 + 885, En 557 +156 
Enea 110025 120 2 1420 + 115 1080 + 190 En, 01 5420.84 
En7* 100035 120 2 1680490 © 1140.= 340 En, Pip 173 £0.21 
eng72 100035, 120 6 237024501640 = 435 En, OL Prp 121£0.61 
E70" 110035, 168 1 1230 960 En, OL Pep 175 £0.65 
Eno. 1100 35, 120 3 1500 = 305 1150+ 280 En, OL Prp, Pil 157 +025 
*Synthesieed Kram get 

tion of partial melt as intergranular film (J, 2). Fig. 2. Polarized infrared = 

Some water is required to generate such a par- spectra of two aluminum- Noniore. ioieey 
tial melt in the mantle, as mantle temperatures saturated enstatite crystals" 

atthe relevant depshs are below the dry melting synthesized at 1100°C and > 

point of peridotite but above the water-saturated 15 kbar. Water contents 5 1821 ppm (40%) 

solidus (3, 4). Originally, it was believed that Ld Lred Ronson pond we | lle-axis, 4.383 pm (49%) 
the top of the low-velocity zone comresponds to messed 

the stability limit of hydrous phases such as eB petag Pico © 

phlogopite or homblende (5, 6). However this i 

is unlikely because the solubility of water Contents are obtained by ° 1647 pm 42%) 
‘a adding these values, Num [b-axis 1346 pom (42%) 

(and of alkalis) in nominally anhydrous man 288%8 pan » 

tle minerals (7-9) is so high that separate BSS i parentheses “Was opm Tie) 
hydrous phases such as amphiboles and phlogo- Percentage of total water Merges Pe $$ __a sine *) 
yt hes ih api” Sere neat oe ee ‘ 

pite are not stable in an upper mantle of pyrolite Gets of plarkatin. The ES SS es 


‘composition, 

IF the low-velocity zone were due to partial 
melting, the existence of a lower boundary would 
be even more difficult to understand, as the woo 
therm remains above the water-saturated solids 
With increasing depth. Moreover, it is unclear 
\whether low degrees of partial melt in the mantle 
\would fon an intergranular film (10), as dry 
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basaltic melts do not wet mantle minerals and 
therefore tend to form isolated pockets. Accord- 
ingly, altemative models have been proposed. 
models (/0. 11) are based on the obser 
Vation that water dissolved in mantle minerals 
such as olivine reduces both the strength of 
the mineral and the seismic velocities. The 
boundary between lithosphere and astheno- 
sphere may then correspond to a boundary in 
intracrystalline water content, with the astheno- 
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spectra shown here and in 
Fig, 2 were obtained from 
the raw data by subtracting a 
linear baseline defined by the points at 3800 cm” and 2800 cm, The two weak features between 
2800 cm™ and 3000 cm” could be due to organic surface contamination, However, they persisted 
after repotishing and they may therefore be intrinsic to the sample, 


Waverumber (cm') 


sphere being watertich, whereas the oceanic 
lithosphere is depleted in water as a result of the 
‘melt extraction at mid-ocean ridges. The pres- 
ence of partial melt in the asthenosphere is: not 
required in these models. However, they cannot 
explain the existence of a low-velocity. zone 
below continental shields, as the mechanism of 
magma production below continents. is very 
different from that prevailing at mid-ocean 
ridges 
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All models of the low-velocity zone depend 
fon the presence of water and its solubility in 
mantle minerals. The main constituents of the 
upper mantle are olivine and omthopyroxene (en= 
statite). The water solubility in both olivine and 
Alice orthopyroxene is quite comparable 
‘and inereases with pressure and temperature 
(7-9 12). However, aluminum is known to 
greatly enhance water solubility in orthopyrox- 
‘ene, and at high Al contents, water in orthopy- 
roxene may dominate the wat 
‘mantle, Throughout Earth's upper man 
and orthopyroxene usually coexist with small 
amounts of an aluminous phase such as spinel or 
amet. Therefore, we experimentally studied the 
solubility of water in aluminous MgSiOs ensta- 
tite in equilibrium with spinel or garnet ( 
under conditions of aluminum saturation). 

Experiments were carried out in an et 
loaded piston-cylinder apparatus, Mixtures of 
Mg(Ol)s, HOH), and SiO were sealed in 
platinum-rhodium (PtagsRhys)_ capsules to- 
ther with about 20 weight "6 of liquid water. 
The stoichiometry of the starting mixture was 
chosen to correspond to aluminous orthopyrox- 
‘ene plus sinall amounts of olivine and spinel or 
amet. In_some experiments, homogencous 
mixtures of the starting chemicals were used 
In most experiments, however, altering kayers 
with low and high silica content were intro- 
‘duced into the capsule to reduce nucleation rates 
s0 as to grow larger erystals. In addition, some 
‘experiments were carried out with amorphous 
gels and liquid water as starting: material. Ex- 
Periments were run at 15 w 35 kbar and 800" 
to 100°C fora few days. Afler the experiments, 
the capsules were opened. Capsules that did 
hot release excess water after the experiment were 
discarded. Perfectly clear and inclusion-free 
sing! yroxene were picked 
fiom the chanees, optically oriented, and doubly 
Polished. Polarized infrared spectra (Fig. 1) 
‘were measured with a Bruker IFS 125 Fourier- 
transform infrared spectrometer coupled with an 


IRscope 1 microscope (tungsten source, CaF 
beam. splitter, namow-band mercury cadmium 
telluride detector, AL strip polarizer on KRS 5 


substrate). Water contents were calculated from 
the infrared data with the use of the extinction 
coefficients of Bell et al. (3). Chemical analy- 
ses Were carried out with a JEOL $900 RL 
electron microprobe (15 kV, 15 nA, 120 5 count- 
ing time per spot, focused beam). 

‘The water contents in the aluminous pyrox- 
‘enes are strikingly high, reaching values close to 
1 weight i at low pressures and temperatures 
(Table 1 and Fig. 2). Water solubilities clearly 
decrease with both pressure and temperature, 
‘opposite 10 the behavior observed for olivine 
and Abfice enstatite, The high water solubilities 
are corelated with anomalously high Al con- 
tents in the pyroxenes, which are much higher 
than those predicted from existing thermody- 
namic models and experimental calibrations 
(4-16). However, in previous studies, only a 
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few experiments were carried out at the low 
pressures and temperatures where we observe 
high Aland water contents, and the water fue 
gacity was probably not carefully controlled in 
all experiments. The high water contents ap- 
‘pear to be intrinsic to the pyroxenes, The pres- 
cence of foreign phases in the crystals is unlikely, 
because the infrared bands are strongly po- 
larized (Fig. 1) and measurements were taken 
nly on perfectly elcar and optically inclusion- 
five crystals. To nuke out any impuritics at the 
submicroscopic level, we investigated several 
‘onhopyroxene crystals by transmission electron 


microscopy. The structure of the pyroxene erys- 
tals (Fig. 3) is undisturbed without any foreign 
phases or linear and planar defects. The high 
‘water contents are therefore definitively due to 
OH point defects in the structure. 

Electron microprobe analyses suggest that 
most of the water is dissolved by the coupled 
substitution of AP" +H" for Si? and by the 
substitution of AP* + 11" for 2 Mg?*, Both sub- 
ssitutions appear to occur with roughly equal 
abundance; that is, Al is distributed about 
equally among tetrahedral and octahedral sites, 
inespective of water content. Both substitution 


Fig. 2. Polarized infrared spectra 
(electrical field vector E parallel to 
‘the crystallographic ¢ axis) and total 
water contents of aluminum-saturated 
‘enstatite at 800° to 1100°C and 15 to 
35 kbar. Numbers are average water 
contents derived from the bulk water 
contents of all samples synthesized at 
2a given pressure and temperature; nis 
the number of measurements. Bulk 
water contents were calculated as f 
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‘explained in Fig. 1. The water content 
‘of the sample synthesized at 25 kbar 
‘and 800°C, where only two crystals 
ould be measured, is probably some- 
what below the real water solubility 
under these conditions, 


‘Adsorption coefficient (em") 


{3 
I 


Fig. 3. Representative high-resolution 
transmission electron microscopy image 
taken along the [010] direction and 
corresponding selected area electron 
diffraction pattern (inset; 0° and c* axes 
are shown) of an aluminum-saturated 
‘enstatite with 0.75 weight % water. The 
sample was synthesized at 15 kbar and 
900°C. No evidence for foreign phases 
‘or planar defects can be detected in this 
image. 
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mechanisms imply a molar 1:1 ratio between AL 
and HL. This is consistent with the observation 
that the “excess” of aluminum in the onthopy- 
roxenes relative to existing calibrations (4-16) 
roughly equals the water content, if both ALOs 
‘and HO are expressed in molar fractions. The 
substitution mechanism was confinned by a 
single-crystal ‘-riy diffaction structure refine 
ment of one akiminous pyroxene containing 
7500 ppm (by weight) of water, The structure 
refinement yielded 3% vacancies on one of the 
Mg sites (M2 (/7)}, consistent with H° substitut- 
ing. for Mg cantly enlarged poly 
hedral volume of one of the Si sites [Si2 (/7)] 


of 1.6875 A’, consistent with a substitution of 


AP +H for Si*, Structurally, the decrease in 
Hand Al contents with increasing pressure r= 
sults fiom the pressure destabilization of tet- 
rahedral AL 

‘The systematic variations in water content 
\ith pressure and temperature observed in this 
study (Fig. 2) suggest that the watter contents 
represent true equilibrium solubility, This is 
also supported by the observation that runs 
with different starting materials (oxide mixture 
sand els) yiek! similar results, To deseribe the 
water solubility in orthopyroxene coexisting 
With olivine and an aluminous phase as a func 
tion of pressure, temperature, and water fag 
/. We calibrated a model that describes: the 
solubility in aluminous enstatite as the 
sum of the water solubility in Abtiee enstatite 
and the Water solubility coupled to aluminum. 
The water solubility in Al-free enstatite was 
previously calibrated (8, 9) and can be ex- 


pressed as 
au'™ 
ssivm herent) 
ave 
on(“) a 


Fig. 4. Water solubility (in ppm by 
weight) in upper-mantle minerals as 8 
function of depth for a typical con- 


0 1000 


where 4 = 0.01354 ppmvbar figo is water fie 
city [calculated using the equation of state 
of U8)), AH'™ = -4563 Jimol, AVM = 
12.1 em’imol, R is the gas constant, P is pres- 
sure, and T is absolute temperature. The addi- 
tonal water solubility due 1 Al can then be 
described by 


AH 
ana)” i 
2, = 4 Ung) on( me) 
ett 
ow(*) Q 


Note, however, that in Eq, 2 water figacity 
centers as a square-root term (19) because the 
coupled substitution with Al yields isolated OH 
‘groups. unlike the OH pairs that result from the 
substnution of 2 H” for Mg" ies pure cnstatite 
(8. 9A leastsxquares fit of all experimental 
ckied 4"! = 0.042 ppmibar®’, 
79685 Ymol, and AVM 113 
em? mol. The total water solubility in orthopy- 
roxene coexisting with olivine and either spinel 
(or pyrope can now be calculated at any pres- 
sure and temperature by adding the results from 
1 and 2. This is consistent with observa- 
tions from previous studies that the water 
solubility coupled to Al and the water solubility 
in Abfiee enstatite are due to different and 
independent defects, with the bulk water 
solubility being the sum of the individual defect 
solubilities (8, 20). Only pressure and temper- 
‘ature are required to calculate the equilibrium 
Water content in the Absaturated onthopyr0x- 
ene. This is because according 10 the phase 
rule, in a four-component system (MgO-ALOs- 
SiOs-H30) the coexistence of four phases 
(orthopyroxene, olivine, aluminous phase, and 
fluid) only Kkaves two degrees of freedom 
Therefore, if pressure and temperature are given, 
all compesitional variables in the system are 
determined, 


Temperature (°C) 
1400 0 


‘Water solubility (ppm H,0) 
800 1000 1500 2000 2500 9 


REPORTS. [ 


Bulk mantle water solubility has a pro- 
nounced minimum (Fig. 4) between 150 and 
200 km depth, coinciding with the location of | 
the seismic low-velocity zone (shaded) below 
continental shiclds. The minimum is due to the 
sharp decrease of water solubility in aluminous 
orthopyroxene with temperature and also 
pressure, whereas water solubility in olivine 
continuously inereases with pressure and tem- 
perature (7, 12). As shown in Fig, 4, at a bulk 
‘water content of about 800 ppm, the mantle in 
the low-velocity zone would be oversaturated 
‘with water (i.e, the water activity would equal 1), 
However, as the geothenm at this depth is lo- 
cated above the water-saturated peridotite soli- 
ddus (3, 4) of about 1000°C, a hydrous melt will 
form in the presence of sufficient amounts of 
‘water, Because the temperature of the geotherm 
is far above the water-saturated solidus under 
these conditions, a water activity around 0.1 is 
probably sufficient to induce melting (21), This 
‘water activity would imply that a few hundred 
ppm of water are sullicient to generate a small 
fraction of hydrous melt in the asthenospher, 
Such water contents are to be expected in the 
‘upper mantle (22-24), If the same calculation is 
carried out fora hotter oceanic geotherm (Fig. 4, 
right panch, the upper boundary of the zone of 
minimum water solubility is lifted to a depth of | 
only 60 to 80 km, consistent with the posi 
of the low-velocty zane below oceans, Moreover, 
this behavior also provides a straightforward 
explanation for the seismic observation that the 
top of the low-velocity zone is very shany and 
‘well defined, whereas the lower boundary is more 
siase-and citficult to locate (2, 25), As the water 
solubility in mantle minerals shamply increases 
with decreasing depth, the faction of partial melt 
in equilibrium with these minerals will also 
sharply decrease at the asthenasphen lithosphere 
foundry. On the other hand, toward the lower 
troundary of the asthenosphere, the decrease 


Water solubility (ppm H,0) 
500 1000 1500 2000 2500 3000 


tinental shield and oceanic geotherm 

(26), The typical position of the low a 
velocity zone (LVZ) below continental 
shields and below oceans is shaded in 
ray. Water slutty in olivine is ac 
cording to Kohistedt et al. (7). Water 
solubility in aluminum-saturated en- 
statite was calculated from Eqs. 1 and 

2. Recently (27), it was suggested 
thatthe infrared extinction coefficient 

‘of water in olivine may be consider 100 
ably smaller than previously thought. 

If this new calibration were applied, 120 
the water solubility in olivine would 

increase by a factor of about 2.5.This yao 


‘would somewhat sharpen the mini- 
mum in the bulk water solubility 


‘curves shown above and move them to higher water contents. It would not, however, change the general shape of the curves or the position of the 
inferred boundaries of the asthenosphere. The effect of using different experimental data for water solubility in olivine as well as the effect of changing the 
ratio of orthopyroxene to olivine is further discussed in (22). 
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mel fraction will be more gradual, reflecting the 
gradual increase of water solubility in olivine and 
‘orthopyroxene. 

(Our results therefore support the concept that 
the low-velocity zone may be related to partial 
meting (1, 2, 6). However, even in the absence 
‘of melting, the partitioning of water between 
olivine and orthopyroxene would strongly depend 
‘on depth, The high water solubilities in aluminous 
‘onhopyroxene at low pressure and temperature 
will eflectively “Wry out” olivine, and this: may 
also contribute to a stiffening of the lithosphere 
In any case, however, our results imply that the 
existence of an asthenosphere—and therefore of 
plate tectonies as we know it—is possible only in 
4 planet with a waterbearing mantle, 
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A Semi-Empirical Approach to 
Projecting Future Sea-Level Rise 


Stefan Rahmstorf 


‘A semi-empirical relation is presented that connects global sea-level rise to global mean surface 
temperature. It is proposed that, for time scales relevant to anthropogenic warming, the rate of 
‘sea-level rise is roughly proportional to the magnitude of warming above the temperatures of the 
pre-industrial Age. This holds to good approximation for temperature and sea-level changes 
during the 20th century, with a proportionality constant of 3.4 millimetersiyear per °C. When 
applied to future warming scenarios of the Intergovernmental Panel on Climate Change, this 
relationship results in a projected sea-tevel rise in 2100 of 0.5 to 1.4 meters above the 1990 level. 


ruferstanding global sea-level changes is 
| 4 difficult physical problem, because 
‘complex mechanisms with different time 

scales play a role (/), including thermal expan- 
sion of water due to the uptakeand penetration of 
heat into the oceans, input of water int the ocean 
fiom glaciers and ice sheets, and changed water 


storage on land. Tee sheets have the langest 
potential effect, because their complete melting 
Would result ina global sea-level rise of about 


70 m. Yet their dynamics are poorly understood, 
and the key processes that control the response 
‘five ow toa warming climate are not includedt 
in current ice sheet models [for example, 
inelwater lubrication of the ice sheet bed (2) oF 
increased ice stream flow after the removal of 
bouttressing ice shelves (3)]. Lange uncertainties 
exist even in the projection of thermal expan- 
sion, and estimates of the total volume of ice in 
mountain glaciers and ice caps that ane remote 
from the continental ice sheets are uncertain by a 
factor of two (4). Finally, there are as yet no 
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published physically based projections of ice 
loss from glaciers and ice caps fringing Green- 
land and Antarctica 

For this reason, our capability for calculating 
future sea-level changes in response 10 a given 
surfice warming seenario with present physics 
based models is very limited, and models are not 
able to fully reproduce the sea-level rise of recent 
decades. Rates of sea-level rise calculated with 
climate and ice shoet models are generally lower 
than observed rates. Since 1990, observed sca 
Fevel has followed the uppemost uncertainty 
Fimit of the Intergovermental Panel on Climate 
(Change (IPCC) Third Assessment Report (TAR), 
which was constructed by assuming the highest 
emission scenario combined with the highest 
climate sensitivity and adding an ad hoc 
of sea-level rise for “ie sheet uncertain 

While proces-hased physical models of sca- 
level rise are not yet mature, semi-empirical 
models can provide a pragmatic altemative 10 
estimate the sea-level response. This is also the 
approach taken for predicting tides along coasts 
(for example. the well-known tide tables), where 
the driver (tidal forces) is known, but the ealeula- 


tion ofthe sea-level response fiom fi 
is so complex that semi-empirical rel 
perform better. Likewise, with current 
sea-level rise, the driver is known [global warning 
(D)), but the computation of the link between the 
driver and the response fiom first-principles 
remains elusive. Here, we will explore a semi- 
empirical method for estimating sea-level rise, 

AS a driver, we will use the global average 
near-surface air temperature, which is the stan- 
dard diagnostic used to describe global warm 
ing. Figure 1 shows a schematic response t0 a 
step-function inerease in temperature, after 
climate and sea level parameters were at equir 
Hibrium. We expect sea level 10 rise as the oxen 
takes up heat and ice starts to melt, until 
(asymptotically) anew equilibrium sea level is 
reached. Paleoclimatic data suggest that chat 
in the final equilibrium level may be very large: 
‘Sea level at the Last Glacial Maximum, about 
20,000 years ago, was 120 m lower than the 
current level, whereas global mean temperature 
was 4° to 7°C lower (5, 6). Three million years 
ago, during the Pliocene, the average climate 
was about 2° to 3°C warmer and sea level was 


peceacaawaus! 
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whee gut aT 
Fig. 1. Schematic of the response of sea level 
to a temperature change. The solid tine and the 
dashed line indicate two examples with differ- 
ent amplitude of temperature change. 
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2510 35 m higher (7) than today’s values. These 
data suggest changes in sea level on the onder of 
10 t0 30 m per °C. 
The initial rate of rise is expected to be 
proportional to the temperature inerease 
dH [dt = a (T ~ To) a 
where 7 is the global mean sea level, is time, 
4 is the proportionality constant, T is the global 
mean temperature, and Tp is the previous 
‘equilibrium temperature value. The equilibration 
time seale is expected to be on the order of 
millennia. Even if the exact shape of the time 
evolution H(A) is not known, we can approxi- 
imate it by assuming a linear inerease in the early 
phase; the long time seales of the relevant 
processes give us hope that this linear approx 
imation may be valid for a few centuries. As 
Tong as this approximation holds, the sea-level 
rise above the previous equilibrium state ean be 
computed as 


ni =alr@) tod?) 
where ¢ is the time variable, 

‘We test this relationship with observed dats 
sets of global sea level (8) and temperature 
[combined land and ocean temperatures ob- 
tained from NASA (9)] for the period 1880. 
2001, which is the time of ovettap for both 
teri, A high significant comclation of global 
Tempentire and the me of sc 
found (r= 0.88, P= 1.6 © 10") (Fi 
slope of a= 3.4 mmvyear per °C. If we divide 
the magnitude of equilibrium sea-level changes 
that are suggested by paleoclimatic data (5-7) 
by this ate of rise, we obtain a time scale of 
3000 to 9000 years, which supports the long 
‘equilibration time scale of sea-level changes. 

‘The baseline temperature To, at which sea- 
level rise is zero, is 0.3°C below the mean tem- 


amg stor 061-s000man 
Fig. 2. Correlation of temperature and the rate of 
‘sea-level rise forthe period 1881-2001. The dashed 
line indicates the linear fit. Both temperature and 
sea-level curves were smoothed by computing 
ronlinear trend lines, with an embedding period of 
15 years (14). The rate of sea-evel change is the 
time derivative of this smoothed sea-level curve, 
‘which is shown in Fig. 3. Data were binned in 5-year 
averages to illustrate this correlation. 
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[perature of the period 1951-1980, This result is 
consistent with proxy estimates of temperatures in 
the centuries precading the modem warming (/0), 
confirming that temperature and sea level were 
not far from equilibrium before this modem 
\wanning began, This is consistent with the time 
seake estimated above and the relatively stable 
climate of the Holocene (the past 10,000 years). 

In Fig. 3, we compare the time evolution of 
global mean temperature, converted to a 
“hindeast” rate of searlevel rise acconding to 
Eq. |, with the observed rate of sea-level rise. 
This comparison shows a close correspondence 
of the two rates over the 20th century. Like 
global temperature evolution, the rate of sea- 
level rise increases in two major phases: before 
1940 and again after about 1980. It is this figure 
that most clearly demonstrates the validity of 
Eq, |. Accordingly, the sea level that was com- 
‘puted by integrating global temperature with the 
use of Eq, 2 is in excellent agreement with the 
observed sea level (Fig. 3), with differences 
always well below 1 em. 

‘We can explore the consequences of this semi- 
empirical relationship for future sca evels (Fig. 4), 
using the range of 2st century temperature 
scenarios of the IPCC (J) as input into Eq. 2 
These scenarios, which span a range of temper- 
ature increase fiom 1.4° to S8°C betwen 1990 
and 2100, lead to a best estimate of sea-level rise 


1S cm over this period. By including the 
‘Statistical error of the fit shown in Fig. 2 (one SD), 


eC ) 
Year 

Fig. 3. (Top) Rate of sea-level rise obtained from 
tide gauge observations (red line, smoothed as 
described in the Fig. 2 legend) and computed 
{rom global mean temperature from Eq. 1 (dark 
blue fine). The light blue band indicates the 
statistical error (one SD) of the simple linear 
prediction (25). (Bottom) Sea level relative to 
1990 obtained from observations (red line, 
‘smoothed as described in the Fig. 2 legend) and 
‘computed from global mean temperature from 
Eq. 2 (blue line). The red squares mark the 
tunsmoothed, annual sea-level data. 
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the range is extended from $0 10 140 cm, These 
‘numbers are significantly higher than the modl- 
based estimates of the IPCC for the same set of 
temperature scenarios, which gave a range from 
21 0 70 cm (or from 9 to 88 em, ifthe ad hoe term 
for ice sheet uncertainty is include), These semi- 
empirical scenarios smoothly join with the 
‘observed trend in 191 and are in good! agreement 
‘with it during the period of overlap 

‘We checked that this analysis is robust within 
‘wide range of embedding periods (ie, smoothing) 
of the observational time series. The slope found 
2 varies between 3.2 and 3.5 mmiyear 
per °C forany embedding period between 2 and 
17 years, causing only minor variations in the 
projected sea level. For short embedding pe- 
riods (around 5 years), the rate of sea-level rise 
(Fig. 3, top) closely resembles that shown in (8) 
‘with lange short-term fluctuations. For embedding 
dimensions longer than 17 years, the slope stats to 
decline, because the acceleration of sex-level ise 
since 1980 (Fig. 3) is then progressively lost by 
excessive smoothing, For very long embed 
petiods (30 years), the rate of seacevel ise 
‘becomes rather Mat such as that shown in (7), 

The linear approximation (Eq. 1) is only a 
simplistic first-order approximation toa numberof | 
complex processes with different time seales, The 
statistical eror included in Fig, 4 does not include 
any systematic err that arses if the linear rela- 
tionship breaks down during the forecast period. 
‘We can test for this systematic error using eli- 
mate models, if only for the thermal expansion 
component of sea-level rise that these models 
‘capture. For tis text, we used the CLIMI 
climate model (/2), which uses a simplified 
atmosphere mod coupled ta three-<timensional 
general circulation ocean mode! with five surice 
(ic, that vertically adjusts), We used! a model ex 
peritnent initialized from an equilibrium state of | 
the coupled system in the year 1750 and, with 
historic radiative forcing, forced changes until the 
‘year 2000. AMler 2000, the model was Forced with 
the IPCC AIFI scenario, The global mean temper- 
ature inereases by 0.8°C in the 20th century and 
bby S.0°C fiom 1990 to 2100 in this experiment, 

‘Temperature anal sci-level rise data from this 
‘mode! forthe time period 1880-2000 were treated 
like the observational data inthe analysis presented 
above, and graphs comesponding to Figs, 2 and 3 
Jook similar to those derived trem the observation- 
al data (figs. SI and S2), The slope found is ony 
LommyearperC (ic. halfof the observed slope) 
because only the thennal expansion component 
is modeled, Using the semi-empirical relation as 
fitted to the period 1880-2000, we predicted the 
sea level for the 2st century (fig. $3). Up to the 
year 2075, this predicted sea level remains wit 
3.cm of the actual (modeled) sea level, By the 
year 2100, the predicted level is 51 cm whereas 
the actual (modeled) level is 39 cm above that of | 
1990 (ic. the semi-empirical formula overpre- 
dicts sea level by 12 em), 

For the continental ice component of sea-level 
ve do not have good models to test how the 
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Fig. 4, Past sea level and sea-level 
projections from 1990 to 2100 based 
‘on global mean temperature pro- 
jections of the IPCC TAR. The gray 
uncertainty range spans the range 
of temperature rise of 1.4° to 5.8° 
, having been combined with the 
best statistical fit shown in Fig. 2. 
The dashed gray lines show the 
added uncertainty due to the sta- 
tistical error of the fit of Fig. 2. 
Colored dashed lines are the indi- 
vidual scenarios as shown in (1); 
the light blue line is the AIFl 
scenario, and the yellow line isthe 
B1 scenario, 


linear approximation performs, although the 
approximation is frequently used by glaciologists 
(*dleeree-days scheme"). Given the dynamical 
response of ie sheets observed in recent decades 
and their growing contibution to overall sea-tevel 
rise, this approximation may not be robust. The ice 
shosts may respond more strongly to temperature 
inthe 21st century than would be suggested by a 
Finear fit to the 20th century data, if time-laggext 
Positive feedbacks come into play (for example, 
be lubrication, loss of buttessing ive shelves, and 
‘ocean warming at the grounding line of ics 
streams), On the other hand, many small mountain 
slociers may disappear within this century ant 
¢ to contribute to sea-level rise. It i thereon 
liflicult to say whether the linear assumption 
‘overall Ieads to an over- oF underestimation of 
future sea level. Occam's rizor sues that itis 
prudent to accept the linear assumption as 
reasonable, although it should be kept in. mind 
that large uncertainty exists, which is not fally 
‘captured in the range shown in Fig 4 


Reganding the lowest plausible limit 10 sea- 
level rise, a possible assumption may be that the 
rate shown in Fig. 3 tops increasing within a few 
Years (although it is difficult to see a physical 
reason for this) and settles at a constant value of 
3.5 mmvyear, This implies a sea-level rise of 38 
‘em from 1990 to 2100. Any lower value would 
require thatthe rate of sea-level rise drops despite 
rising temperature, reversing the relationship 
found in Fig. 2 
Although 3 full physical understanding of 
sea-level rise is lacking, the uncertainty in future 
sarkevel rise is probably kinger than previously 
estimated. A rise of over 1m by 2100 for strong 
\Wanning scenarios cannot be nuked out, because 
all that such a rise woul! require is that the linear 
relation of the rate of sea-level rise and temper- 
ature, which was found to be valid in the 20th 
‘century. remains valid in the 21st century. On the 
‘other hand, very low seaevel rise values as 
reported in the IPCC TAR now appear rather 
implausible in the light of the observational data, 


The possibility ofa faster sea-level rise needs 
to be considered when planning. adaptation 
measures, such as coastal defenses, or mitigation 
measures designed 10 keep future sea-level rise 
‘within certain limits [for example, the Ln long- 
term amit proposed by the German Advisory 
Council on Global Change (23)]. 
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Nonequilibrium Mechanics of Active 
Cytoskeletal Networks 


Daisuke Mizuno,* Catherine Tardin,* C. F. Schmidt,”* F. C. MacKintosh** 


Cells both actively generate and sensitively react to forces through their mechanical framework, the 


cytoskeleton, which is a nonequil 


ium composite material including polymers and motor proteins. 


‘We measured the dynamics and mechanical properties of a simple three-component model system 
consisting of myosin 1, actin filaments, and cross-linkers. In this system, stresses arising from 
motor activity controlled the cytoskeletal network mechanics, increasing stiffness by a factor of 
nearly 100 and qualitatively changing the viscoelastic response of the network in an adenosine 
triphosphate-dependent manner. We present a quantitative theoretical model connecting the 
large-scale properties of this active gel to molecular force generation. 


“echanics directly control many func 
tions of cells, including the generation 


of forces, motion, and the sensing of 


‘extemal forces (/). The cytoskeleton is a network 
‘of semiflexible linear protein polymers (actin 
filaments, microtubules, and intermediate fila 
iments) that is responsible for most of the me- 
chanical functions of cells. It differs from 
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‘common polymer materials in both the com 
plexity of composition and the fact that the system 
is not at themnodynamic equilibrium, Chemical 
nonequilibrium drives mechanoenzymes (motor 
‘oteins) that are the force generators in cells. The 
cytoskeleton is thus an active material that can 
adapt its mechanics and perform mechanical tasks 
such as cell locomotion or cell division. 


Here, we show how nonequilibrium motor 
activity controls the mechanical properties of a 
simple three-component in vitro model eyto- 
skeletal network. The nonequilibrium or 
this active control mechanism can be seen di 
rectly in the violation of a fundamental theorem 
of statistical phy: 


of systems to their response to extemal 
‘The FD theorem is a generalization of 
description of Brownian motion (2). Although it 
is Valid only in equilibrium, its possible exten- 
sion to out-of-equilibrium systems such as gran- 
‘ular materials and living cells has been debated 
G5), Prior studies in colls have suggested 
violations of the FD theorem (3), but this has 
not been directly observed. We show that an in 
vitro model system consisting of a cross-linked 
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actin network with embedded force 
myosin If motors strongly violates the FD theo- 
rem and that it does so because of the con- 
tractlity of the actormyosin system. 

‘Actin and myosin are key components in 
muscle contraction and cell motility (6, 7)- My 
‘sin motor domains, or heads, bind to actin 
filaments (F-actin) and generate force via the 
hydrolysis of adenasine triphosphate (ATP), 1e- 
‘motion along the polar actin filaments 
At low salt concentrations, myosin I can form 
bipolar structures in vitro (Fig, 
“minifilaments” an tink 
nts and move thes 
to each other (9), In the absence of / 
motor complexes. statically cross-link F-actin 
and generate bundles that can be seen in a light 
microscope (Fig. 1B). In the presence of ATP, 
ments generate contractike forces that 
ean result tion. and phase sep- 
10), a phenomenon known as 
superprecipitation (/0), To stabilize the net- 
works and delay the onset of superpreeipitation, 
we used Fs ed by biotin and 
neutravidin, 

We measured the mechanical propertics of 
these networks by active microrheology (AMR) 
(1-13), in which micrometer-sized embedded 
probe particles are manipulated by a sinusoidal- 
ly oscillated optical trap, generating a fore F at 
fiequeney @ The response function aio) is 
‘obiained from the measured probe particle 


ao) = u(o)/F a) 
For a simple incompressible and homogencous 
clastic mectiums, this response function is related 
to the shear modulus G or stiffness of the 
medium via a generalization of the Stokes rela- 
tion (13-17) a= 16nGa), where a is the probe 
particle radius, For materials with dissipation, 
the displacement w and force F are not in phase, 
‘which results in 4 complex response function. In 
this ease, the shear modulus is G = G" © 1G". 
where G” is the clastic modulus and G”” is 
the viscous modulus. For cross-linked actin 
(1 my/ml) gels, we found a predominantly elas- 
tie response in which G" is much langer than G 
in the range of frequencies below 100 Hz. The 
measured moduli are both with ex- 
periments on s 
theoretical predictions for actin networks with 
aan average distance of about 2 10 3 yim be- 
tween cross-links (3, 19), 

‘To characterize motor-generated activity, we 
used passive microrheology (PMR), which 
consists of recording the spontancous displace 
ment fluctuations of a probe particle without 
applied forees (13-16). In an equilibrium 
system, only thermal forees act on the probe, 
and the power spectral density 


Clo) = Sdu(tyn(0)) expliow) ck 2) 
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of the displacement fluctuations u(f) is directly 
related to the mechanical response of the 
material by the FD theorem, 

Wet 


ao) ‘a(() (cquilibrium only) (3) 


where ao) is the imaginary part of the 
response function, ky is the Boltzmann cor 
stant, and T is absolute temperature, Because 


we can independently measure the lefl side of 


Eq. 3 with AMR and the right side with PMR, 
we can search for signatures of motor acti 
in the form of violations of the FD theorem. 
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Fg, 3 larger than the left side, thus violating the 
FD theorem. Indirect evidence for this has been 
reported in cells (3), We started with experi- 
ments at 3.5 mM ATP, where motors are ex- 
pected to be active. Interestingly, we saw no 
difference between AMR and PMR results for 
Lup to 5 hours (Fig. 2A). At longer times, how- 
ever, a clear difference developed in the form 
of strongly enhanced fluctuations at. frequen- 
cies below 10 Hz (Fig. 2B). The appearance of 
these nonequilibrium fluctuations afler a time lag 
can be explained by a switching of the myosin 
‘minifilaments fiom a nonprocessive moe, which 
cannot generate forces between actin flame 


As a control, we first verified the FD 
theorem as expressed in Bg. 3 for an equilibrium 
sample by directly comparing «’"(«) measured 
With AMR and eC(@)2%y7 measured with 
PMR. For crosslinked actin without myosin, 
the agreement with Eq. 3 is shown in Fig. 2A. 

Active processes create additional Muctua- 
tions and are expected 10 make the right side of 


0 a processive tension-generating mode, Such a 
transition is expected because the ratio of at- 
tached to unattached time (duty ratio) of myosin 
increases with decreasing ATP concentration, 
When motor release induced by ATP binding 
becomes the rate-limiting step in the chemical 
Je (20), Consistent with this, the lag time 
increased with increasing initial ATP concentra- 


A 


Fig. 1. (A) Schematic of a bipolar myosin filament interacting with two actin filaments, Polarity 
of actin is indicated by the +/— signs (myosin moves toward the plus end). (B) Differential in- 
terference contrast microscopy image of bundled actin filaments at high salt concentration ({KCU = 
150 mM, actin concentration 1 mg/ml, myosin concentration 170 nht, no cross-links), As ATP 
depletes, thick acto-myosin bundles form without phase separation. (C) At low salt concentration 
(UKct] = 50 mit), active myosin filaments result in contraction of the actin network to form dense 
acto-myosin aggregates (superprecipitation). Scale bars, 5 jum. 
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Fig. 2. Mechanical response of cross-linked nonactive and active gels (actin and myosin 
‘concentrations as in Fig. 1). (A) The imaginary part of the response function «’” measured by AMR 
(circles) and the normalized power spectrum oClo)/2ksT measured by PMR (Lines). Open circles and 
the dashed line denote cross-linked actin without myosin; solid circles and the solid line denote 
networks with myosin 2.5 hours after sample preparation. For up to 5 hours, a” and «CloN2kgt 
with and without myosin show good agreement, indicating that myosin activity did not yet produce 
observable nonequilibrium fluctuations. (B) The same as (A) but 6.8 hours after sample preparation 
(with myosin). Below 10 Hz, nonequilibrium fluctuations are observable as an enhancement of 
oCle/2kgT relative to a”. 
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tion, We also performed experiments at low 
ATP concentrations stabilized with an ATP 
regenerating system (73). At ATP concentra- 
tions below ~60 uM, we observad stable active 
fluctuations inthe gels lasting for several hours 
‘Along with the nonequilibrium fluctuations, 
\we saw a strong stifening of the networks due 0 
motor activity. This is apparent in the reduced 
response or compliance ofthe network (Fig. 3A), 
‘The shear modulus can be calculated using the 
generalized Stokes formula (14-17) (Fig. 3B). 
Here, the network stiffness increases by a factor 
of almost 100 depending on the ATP concen- 
tration, The stiffening of the network is related 
to the well-known stain stiffening response of 
ct yels under external stress (8,19, 21) The 
contractile activity of motors results in intemal 
tensile stresses in the actin filaments, which make 
the network more rigid. Unlike stiffening dae to 
anisotropic shear stress, however, We expect that 
stresses induced bythe motors are isotropic, which 
should lead to more pronounced stiffening because 
filaments of all orientations can participate 
‘The hypothesis that the observed stiffening 
is due to isotropically tensed filaments can be 
tested quantitatively by an examination of the 
fiequeney dependence of the siilening. For 
relaxed actin gels, the slittness of the networks 
increases with frequency in the form ofa power 
law as G = Cio) (15, 22, 23) Given the ine 
verse relationship between response and sti 
ness, this is consistent with the behavior of our 
model system either in the absence of motors or 
a high ATP concentrations (Figs. 2A and 3A). 
With the onset of nonequilibrium activity, how= 
ever, the power law changed toward a slope of 
V4, which is consistent with the prediction for 
filaments under tension (24). The full frequency 
dependence (green curve in Fig. 3A) is derived 
in(13), This frequeney dependence also rules out 
another possible explanation for the observed 
ctwork, namely an increased 
by inactive myosin. Crs 
inks alone will not change the «” ™* frequency 
dependence (22, 25). Thus, the increased stiff 
ness seen in Fig. 3B is most likely the result of 
motor-induced tension in the network strands 
en the presence of both crosslinks and 
myosin minifilaments in our system, we expect 
that the myosins generate contractile tension 
in actin filaments between eross-link points 
(Fig. 4A), We find rates on the onder of a frae- 
tion of a micrometer per sevond in the move- 
ment of probe particles (Fig. 4B), consistent 
With typical rates of myosin mil, This slow 
buildup of strain implies quasistatic clastic de- 
formations that include network compression, 
Increased filament density would imply a local 
reduction of the solventbufler, just as squeezing 
41 sponge expels liquid. Given the stochastic 
binding kinetics of the myesins, the minifila- 
ments eventually let go, which results in a fast 
relaxation of the network strain (Fig. 4B). The 
rate at which dhe network can relay is determined 
by the dissipation due to the inflow of solvent 
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Fig. 3. Effect of filament tension on the response of the active networks (actin and myosin concentrations as. 
in Fig. 1). (A) Spectra wiClo/2kT measured with PMR at 2.5 hours (open red circles) and 9.3 hours (open 
blue circles) and «” measured with AMR at 9.3 hours Gold blue circles) after sample preparation (initial 
[ATP] = 3.5 mAW. In the presence of nonequilibrium activity, the response function és reduced, indicating a 
stiffer sample, which can be fully accounted for by prestresstension of filaments, Theoretical predictions (13) 
‘are shown for a network with filament tension of 0.1 pN, cross-ink distance c = 2.6 jim (green curve), and 
1 tension with the same J (black curve) Independently known parameters: friction coefficient © = 0.00377 
Pass, persistence length y = 17 x 10 m, probe radius a = 2.5 ym. (B) Shear modulus G's) at controlled 
IATPI: green ine, 1 mM ATP, same as control (blackline, no myosin) Lower [ATP] stabilized below ~60 ji 
by creatine phosphokinase (CPK): ochre line, [CPK] = 0.5 mg/ml; blue line, 50 j:g/ml; red line, 5 j.giml, 
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Fig. 4. (A) Schematic illustration of tension development in actin filaments (red). Myosin 
minifiiaments (gray) cause network contraction between cross-links (blue). (B) Typical contractile 
event reflected in the motion of a probe particle. (C) Correlated motion of particle pairs (diameter 
1.1 um; scale bar, 5 jum) can be measured by video microscopy (13, 16). In equilibrium, cross- 
correlations must be positive (16, 17, 27); nonequilibrium forces can lead to positive (blue arrows), 
negative (red arrows), or no correlations (white arrows). (D) Histogram of particle pairs showing 
positive (blue) and negative (red) correlations dependent on distance. The frequency (vertical axis) 
was normalized by distance to compensate for the increasing probability of finding a second bead 
at a given distance. Inset: representative cross-correlation spectra [particle pairs A and B in (C)] 
with positive (blue) and negative (red) correlations. Negative correlations are observed only at low 
frequencies, where nonequilibrium behavior is apparent in Fig. 2B. 
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(like the swelling ofa sponge). Time scales for 
this process are expected to be on the order of 
NMEP/G (15, 17), where & (03 jum) is the 
mesh size of the network and risa typical length 
seale of deformation. If we take the cross-linking 
distance as (3 jm), this givesa relaxation time 
‘of 01 s, which is consistent with the observed 
relaxation in Fig, 4B and the appearance of motor 
ty in Fig, 28, 

To further test the hypothesis that the non 
equilibrium effects we observe are duc to 
<contractile/compressive gel deformations, we also 
unined the comrelated motions of pairs of 
partickss within the network (Fig. 4, € and D), 
‘The observed anticorrelations in particular are not 
expected in equilibrium, but they are consistent 
With the contractile forees sketched in Fig. 4A. 

‘Thus, actin, myosin, and cross-links are sul 
ficient to capture essential and general features 
‘oF contractility and mechanical adaptation in 
eytoskeletal networks. These observations sug 
{gest mechanisms by which cells coukd rapidly 
modulate ther stiffness by Mexing their intemal 
“muscles” without changing the density, polym- 
crization, or bundling state of F-actin, Cells ean 
actively adapt their clasticity to the mechanics of 
the extracellular matrix (26) oF to an extemally 
applied force (1), and motors could be the cause 
for that. From a materials perspective, this in 
Vitro model system exhibits an active state of 
matter that adjusts its own mechanical sifness 


viv intemal forces. This work can be a starting 
Point for exploring both model systems and 
cells in quantitative detail, with the aim of un- 
covering the physical principles underlying the 
active regulation of the complex mechanical 
functions of cells. 
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An Inward-Facing Conformation of a 
Putative Metal-Chelate—Type 


ABC Transporter 


H, W, Pinkett,” A. T. Lee,” P. Lum,"* K. P. Locher,” D. C. Rees*t 


The crystal structure of a putative metal-chelate-type adenosine triphosphate (ATP)-binding 
‘cassette (ABC) transporter encoded by genes H/1470 and HI1471 of Haemophilus influenzae has 
been solved at 2.4 angstrom resolution. The permeation pathway exhibits an inward-facing 
conformation, in contrast to the outward-facing state previously observed for the homologous 
vitamin By2 importer BtuCD. Although the structures of both HI1470/1 and BtuCD have been 
solved in nucleotide-free states, the pairs of ABC subunits in these two structures differ by a 
translational shift in the plane of the membrane that coincides with a repositioning of the 
membrane-spanning subunits. The differences observed between these ABC transporters involve 
relatively modest rearrangements and may serve as structural models for inward- and outward- 
facing conformations relevant to the alternating access mechanism of substrate translocation. 


\ransporters catalyze the thermody- 
| namically unfavorable translocation of 
substrates against a transmembrane con- 
centration gradient through the coupling to a 
sccond, energetically favorable process. One of 
the most widespread families of transporters. 
the adenosine triphosphate (ATP) binding cassette 
(ABC) family (7-4), uses the binding and hy- 
drolysis of ATP to power substrate translocation. 
ABC transporters are minimally composed of 
four domains, with two transmembrane domains 
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(TDS) and two ABCs oF nucleotide-binding 
domains (NBDs) located in the cytoplasm. Al- 
though diverse with respect to physiological 
function and TMD architecture, ABC trans- 
porters are characterized by two highly conserved 
NBDs that contain critical sequence motifs for 
ATP binding and hydrolysis, including the P loop 
present in many nucleotide-binding proteins 
and the ABC signature or C-loop motif [Leu- 
Ser-Gly-Gly-Gin (LSGGQ)) that is specific to 
ABC transporters. These similarities suggest a 
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common mechanism by which ABC transperters 
cexchestalea sequence of nuckaotide- and substrate 
dependent conformational changes that translo- 
cate the substrate across the membrane through 
imerconversion of outward and inward-focing 
conformations; this type of “altemating aecess 
‘model has been generally found to provide a 
productive framework for the mechanistic char- 
acterization of transporters (5). For prokaryotic 
ABC transporters functioning as importers, sub- 
sirate translocation is also dependent on high- 
affinity periplasmic-binding proteins (6) that 
deliver the ligand to the outward-facing tate of 
the cognate transporter, 

‘The HI470/1 transporter from Haemophilus 
influenzae belongs w the family of binding 
protein dependent bacterial ABC transpoters that 
mediate the uptake of metalchelate species, 
including heme and vitamin By> (7), Because iron 
is often an essential nutrient, members of this 
family are widely distributed throughout bacte- 
ria, including pathogenic organisms such as 
H. influenzae (8). The molecular architecture for 
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this family of ABC transporters was established 
bby the structure of BtuCD, the By2 importer from 
Escherichia coli (9), The transporter encoded by 
‘genes HI470 and HILA71 of H. influenzae (10) 
its 24 and 33% sequence identity to the 
ABC subunit BuD and the membrane-spanning 
subunit BtuC, respectively, and was identified as 
41 promising candidate for structural study during 
the original sereen of homologs explored in the 
BiuCD analysis (A). Afier overexpression and 
Purification in decytmaltoside of a histidine- 
tagged construct, the erystal structure of the 

act, nucleotide-free HII1470/1 transporter 
was phased by isomorphous and multiwave- 
Jength anomalous diffraction methods and re- 
fined at 2.4 A resolution (17). 

‘The overall molecular organization of 
HIL470/1 (Fig. 1) resembles that observed pre~ 
Viously for BluCD (9), with the functional unit 
consisting of two copies each of the HIN471 
membrane-spanning subunits and of the HIEL470 
ABC subunits (Fig. 1, B and C), The root mean 
square deviations (RMSDs) in Ca positions be- 
tween structurally equivalent residues. in the 
individual subunits of H11470/1 and BluCD are 
=15 A: the comresponding RMSD after super 
position of equivalent residues in all four sub- 
Units of these transporters is 2.4 A. Each pair 
‘of HI470 or HILA7E subunits in HH114701 is 
closely related (RMSDx ~1 A) by a rotational 
‘operation that is elose to an exact twofold axis, 
(rotation angle ~180.5°) passing through the 
center of the transporter. By means of the pro- 
gram HOLE (/2), an evaluation of the perme- 
ation pathway that surrounds this axis reveals 
an important difference related to the detailed 
arrangement of subunits between HIL4701 and 
BluCD (Fig. 2: Athough both transporters main- 
tain a tapered pathway through the membrane 
‘panning subunits, the pathways open to oppesite 
sides of the membrane, such that HIELA70/1 and 
BiuCD adopt inward- and outward-ficing con- 
{onmations, respectively. 
ch subunit of the membrane-spanning 
HI1471 contains 10 transmembrane helices (Fig, 
1B), packed in a similar fashion 10 that ob- 
served for BluC with the N and C termini lo- 
cated in the eytoplasm (9). Two noteworthy 
aspects of the rather intricate topology of the 
helical arrangement are the positioning of the 
helix TM2 through the center of the subunit 
(which places TM2 in proximity to most of the 
other membrane-spanning helices) and the 

imilarities in helix packing between the N- 
and C-terminal halves of HIL471, although 
\ith opposite polarities through the membrane. 
This similarity in packing is particularly ev- 
ident for the sets of helices (TM2 to TMS and 
TM7 to TM1O0) that are approximately related 
by atwo-fold axis in the plane of the membrane 
3A), Internal symmetry of this type is 
rather frequently observed in channels and 
transporters (3). For HIL471 and BtuC, this 
internal symmetry extends to the construction of 
the pemeation pathway surtounding the molee- 
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ular two-fold axis (Fig. 3B). Interactions between 
transmembrane subunits are dominated by 
contacts between helices TMS and TM10 and 


‘TMS and TMS lining the permeation pathway. 
Notably, the regular helical structures of TM3 
and TMS are maintained only to about the center 


the extramembrane helix Sa, with residues from of the TMD and extend in a nonhelical, imegular 


Fig. 1. (A) The ABC transporter HI1470/1 consists of four subunits: two membrane-spanning 
HI1471 subunits (cyan and blue) and two nucleotide-binding HI1470 subunits (green and pink). 
The molecular rotation axis is vertical, with the cytoplasmic-facing surface of the transporter toward 
the bottom. The locations of the N and C termini for one subunit each of HI1470 and HI2471 are 
indicated. (B) A view of HI1470/2 rotated 90° from that of (A), looking down the molecular two- 
{fold axis toward the membrane-spanning subunits from the periplasmic surface. (C) A view of the 
HI1470 ABC subunits from the same direction as in (B), looking down the molecular two-fold axis, 
toward the face of the NBDs interacting with the membrane-spanning subunits, The Walker A or 
P-loop motif (residues 40 to 46) is colored red, the Walker B motif (residues 148 to 154) is 
colored yellow, and the ABC signature motif (residues 129 to 133) is colored orange. The Walker 
‘A or P-loop moti is found at the N-terminal end of helix hi that is surrounded by the two fs sheets of 
the catalytic core domain. Ribbon diagrams in this report were prepared and rendered with the 
program PyMOL (32). 


Fig. 2. Visualization of the 
permeation pathways of 
HI1470/1 and BtuCD with 
the program HOLE (22). 
(A) The permeation path- 
way generated by the two 
11471 subunits is narrow 
at the periplasmic surface 
‘and open to the cytoplasm, 
which are located toward 
‘the top and bottom of the 
figure, respectively. (B) In 
contrast, the pathway for 
BtuC is closed at the cyto- 
plasm and open to the 
periplasm. The HOLE rep- 
resentation of the pore 
surface is shown in a mul- 
ticolored form that was displayed and rendered with the program VMD (33). Red, green, and blue 
surfaces designate regions of the permeation pathway with effective radii <0.6, 0.6 o 1.15, and>1.15 A, 
respectively. The calculated diameters at the widest part of the pathways illustrated for HI1470/1 and 
BtuCD are ~11 and 9 A, respectively. The permeation pathway in BtuCD is of sufficient size to 
accommodate a corrin ring but not the entire By» molecule (9); the ligand for HI1470/2 has not been 
‘identified. 
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fashion through the remainder of the membrane 
(9). Extended polypeptide chain conformations 
have been previously noted along the pemcation 
pathways of other transporters (/4-18). 

111470 (Fig. 1C) exhibits the characteristic 
fold that was first observed for the ABC subunit 
HisP (79) and subsequently observed for other 
members of this family. ABC subunits are or- 
ganized into two dom 
catalytic core domain containing the P loop and 
structurally more diverse a-helical domain 
With the ABC signature motif, LSGGQ. The 
catalytic core domain consists of two B sheets 
(a predominantly parallel B sheet containing the 
P Toop and a smaller, antiparallel 5 sheet) that 


together surround an « helix (hl) extending 
away from the P loop. Although there are con- 
served elements ofthe a-helical domain between 
different ABC transporters, this region in general 
is more variable among members of the ABC 
family (20), and the relative orientation of the 
helical and catalytic domains is sensitive to the 
nucleotide state(2/). As with BtuCD and the drug 
exporter Sav1866 (22), the region of the NBD 
that interacts with the TMD primavily involves 
the Q loop in the a-helical domain, The Q loop 
‘contains a conserved glutamine (Gin” in 11470) 
that participates in the binding of nuclide 10 
the NBD; the corresponding resid 
(Gln) was observed to interact with eye! 


T™™10 
i 
T™8 


T™10 
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Fig. 3. (A) Comparison of the homologous membrane-spanning subunits HI1471 and BtuC, after 
superposition of TMZ in subunit A (to the left) of each structure, as viewed down the molecular tho-fold 
axis from the periplasm. With the exceptions of TM3 to TMS, the helices in the A subunits of HIL471 
(cyan) and BtuC (purple) superimpose closely. In contrast, interconversion of the B subunits (to the right) 
between these two structures (blue and red, respectively) requires an ~9° twist Gndicated by the curved 
arrow) about an axis oriented inthe direction shown tothe right, which passes through the helical domain 
‘of the ABC subunit. (B) Stereoview of a superposition of helices TM3, TMH, TMS, TMB, TAO, and Sa in 
subunit A of HI1471 (cyan) and BtuC (purple), as viewed from within the permeation pathway with the 
molecular two-fold axs vertical. The internal symmety-telating helices TM and TM8 and TMS and TAO, 
‘as well as the irregular structures of TM3 and TMB, may be observed. The extramembrane helix Sa helps 
restrict the permeation pathway on the periplasmic side of HI1870/1. 
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‘vanadate that occupies the nucleotide-binding 
site. The Q loop has been observed to be confor- 
‘mationally variable, and changes in this region 
have been proposed to be involved in the cou- 
pling of nucleotide hydrolysis to the conforma 
tional sate of the TMDs (23). 

Although the overall architecture of th intact 
HIL470/1 transporter resembles that of BuCD, 
‘more detailed comparisons highlight differences in 
tertiary and quaternary arrangements. between 
structures that may be functionally relevant 
Relative to a structurally conserved core of seven 
hcfces (TM1, TM2, and TM6 to TM10) that is 
‘maintained between the TMDs of 111471 and 
BwC (Fig, 3), three helices (TM3, TM, and 
"TMS) difler significantly between the two str 
tures (Fig. 3, A and B). These differen 
evident in a comparison of HIL470 and BtuC 
subunits based on superposition of the central 
‘TM? helix (Fig. 3A), Among the more substan- 
tial rearrangements between the two structures is 
4 20° shift in the helix axis of TMS (Fig. 3B), 
Because TMS participates in the subunitsubunit 
imterface surrounding the molecular two-fll avis, 
these tertiary structure changes are coupled 10 
uatemary changes in the relative positions of 
the TMDs, as evidenced by the alteration in the 
cessing angle between helices TMS and TM10 
fiom -143° in BruCD to 163° in 1147001, When 
the conserved seven-helical core is used 10 super= 
impose one BluC subinitand one HL471 subunit, 
twist of 9 about an axis that is approximately 
‘poral to the mokcular Wwo-fold axis fs required 10 
sauperimpose the partner TMD subunits (Fig. 3A). 
The combination of the repositioning of helices 
‘TMS to TMS with the overall twist motion across 
the subynitsubunit interface between TMDs his 
saibstantial consequences for the permeation path= 
way. In 111147001, the change in orientation of 
“TMS simultaneously closes access to the periplasm 
‘while opening the pathway 10 the cytoplasm; 
contrast, cytoplasmic access to the permcat 
pathway is closed in BluCD by residues in the 
hoop between TM4 and TMS, An important ad- 
ditional contribution to the periplasmic restriction 
in HI1470/1 is provided by the extramembrane 
helical element Sa immediately following TMS. 

The ABC subunits of both HIL470/1 and 
BiuCD pack together such that the P loop of one 
subunit opposes the signature motif ofthe oth 
ina manner originally proposed from modelit 
studies (24) and subsequently observed for 
RadlS0 (25), The closed state with the most ex- 
tensive interface between ABC subunits is 
associated with the ATP-bound form and has 
been structurally characterized in isolated ABC 
subunits (26-28) and in the intact ABC trans- 
porter Sav1866 (22), Relative to this closed 
state, the dimers of HI1470 and BtuD that a 
present in the corresponding structures of the 
rucleotide-free transporters each exhibit more 
open conformations. because the catalytic do- 
‘mains have opened up by rotations of 20° to 25° 
‘lative to the closed dimer of MalK, the ABC 
subunit of the maltose transporter (27). The 
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HI1470 dimer arrangement most closely resem- 
‘bles the “semi-open” (27) or post-ATP hydrol- 
ysis, adenosine diphosphate-bound (29) forms 
fof the MalK dimer, with RMSDs of 2.7 A be- 
tween these structures for the conserved struc- 
tural elements of the catalytic domains in. the 
dimer, as compared to 4.3 A with the closed 
state of MalK. The similarity of the BuD dimer 
to the semi-open state of MalK has been pre- 
viously noted (27), although the distinctions 
‘between BtuD and the semi-open and closed 
states of Malk (RMSDs of 2.3 and 2.9) re not 
as clear for BuuD as for 11470, Direct compar 
ons of the BtuD and HILA70 dimers futher 
dicate tha the later has & more open confor 
tion than the fonner. For example, the distance 
between the P loop and signature sequence on 


Fig. 4. Relationships between dimeric ABC 
structures. (A) Stereoview of the dimers of HI1470 
(green), BtuD (blue; PB 1L7V), and the ATP-bound 
state of MalK (orange: PDB 1012) based on a 
superposition of residues in the catalytic core 
domains of both subunits. At the bottom, one 
subunit from each structure is indicated by the 
‘appropriately colored Cx trace, whereas the trace of 
the second subunit from H12470 fs indicated in gray 
atthe top. The spheres identity the Poop and ABC 
‘sequence motifs. The closely overlapping spheres 
labeled with the letter "P” in each image indicate 
the positions of Gly", Gly?®, and Gly** used to mark 
the P oops of HI1470, BuD, and MalK, respectively; 
the other spheres designate the locations of Gly, 
Gly, and Gly denoting the ABC signature motif 
‘of these same structure. Fig. 1C highlights these 
same elements in the HI1470 dimer (rotated ~60° 
about an axis normal to the page). Although the 
intersubunit spacings between the P loops within all 
three dimers are similar (~35 A; black tine), the 
‘separations between signature motifs within each 
dimer are 16, 16, and 24 A in MalK (orange), BtuD 
(teal), and 111.470 (green), respectively. The spacings 
between the P loop and signature moti in different 
subunits are 11, 14, and 16 A in MalK, BtuD, and 
11470, respectively. The rotation axes relating the 
‘catalytic domains of corresponding BtuD and 
12470 subunits pass near the P loops of these 
structures and are illustrated as black lines tited 
~13" from the normal to the viewing direction. The 
locations of these axes are reflected in the similar 
distances between P loops in the three dimeric ABC 
structures, whereas separations involving the signa 
ture motifs vary more widely because these regions 
‘are farther from the rotation axes. (B) Comparison of, 
the ABC dimers of HI1470/1 (green), BtuD (bive), 
‘and ATP-bound MalK (orange) a5 viewed from the 
membrane in the same orientation as in (A) The 
subunits are superimposed onto the conserved 
regions of the catalytic core domain of one subunit 
(chain © of H11470 (top subunit. The P loops and hi 
helices are depicted as ribbons, the signature se- 


‘quence and associated helix ae depicted asa Cu trace, and the main chain atoms 
‘nthe Q loop are depicted as thick bonds, Although these elements overlap in the 
top (superimposed) subunits, substantial variation is evident inthe lower subunit, 
particularly the translational shift along the dimer interface between the Q loops 
‘and signature motifs of the intact HI1470 and BtuD (blue arrow). In comparison, 
these elements in Mak are rotated about a hinge axis in a tweezers-type motion 
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liflerent subunits is greater in the HI470 dimer 
than in BruD, as is the separation between the 
signature sequences on different subunits in these 
two structures (Fig. 44). Although there are im- 
[portant diflerences this comparative analysis sug- 
gests that, despite the absence of nucleotides, 
the arrangement of ABC subunits observed in 
BiuCD more closely resembles the closed con- 
formation than does 11114701 

Although a detailed mechanistic description 
will clearly require biochemical and structural 
characterization of multiple states of an ABC 
transporter system (including bound nucleo- 
tides, substrate, and binding protein), the ob- 
servation that the permeation pathways of 
HI14701 and BtuCD are oriented in opposite 
dincetions can help identify structural clements, 


underlying this transition. The conformational 
transformations relating HI1470/1 and BluCD, 
although maintaining the overall two-fold mo- 
cular symmetry, do not exclusively involve 
rigid body movements of individual subunits 
(Fig. 3A), Still, the rigid body description pro- 
‘ides a useful reference framework for this anal- 
ysis: for example, when the entire HI1470/1 and 
BuiCD transporters are superimposed so that the 
two-fold axes coincide, the transforma 
calculated for the catalytic core domain of in- 
dividual ABC subunits between the two sti 
tures corresponds to a rotation of 10° about 
ais tilted 13° from the molecular two-fold axis. 
‘The mtation axis comesponding to this trans- 
formation passes near the P loop (Fig, 4A), with 
the consequence that the structural adjustments 


(27) to close up the interface relative to BtuD (yellow arrow). (QA schematic 
representation illustrating how rotations about local axes in each subunit parallel 
to the molecular two-fold axis ofthe dimer, create a translational shift along the 
dimer interface. These rotations can consequently be coupled toa twisting motion 
‘of the associated membrane-spanning subunits to interconvert inward and 
‘outiard-facing conformations. 
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are relatively modest inthe catalytic core domain 
between structures but increase with increasing 
distance from this region, as is particularly evi- 
dnt for the ABC signature sequence. When the 
catalytic domains of one NBD in the intact 
1111470/1 transporter and one NBD in the intact 
BluCD transporter are superimposed, the relative 
positions of the partner NBDs observed in these 
structures are shified by a trans 
4.5. along an axis parallel to the 
NBDs (Fig. 4B); this trans- 
‘component repesitions the two NBDs in 
a direction perpendicular to that generated by the 
thweezer-ty pe motion observed between different 
nucleotide states of MalK (27), which also corre- 
sponds 10 the hinge motion between BuuD and 
the closed form of MalK. Notably, the direction 
of this translational shift coincides with the 
direction of the twist motion observed between 
the TMDs of HIL470/1 and BtuCD (Fig. 34), 
This serew component arises from the coupting 
‘of the local rotation axes relating individual 
NBDs in different structures to the molecular 
{worfold rotation, which generates a displace- 
ment along the subunitsubunit interface as the 
separation between NBDs varies (Fig. 4€). The 
Jinkage between NBD positioning and the twist 
between TMDs supports a coupling mechanism 
‘connecting the permeation pathway and nucleo 
tide state ofthe transporter, where the ABCs can 
remain juxtaposed during the transporte 

‘The structures of HII1470/1 and BiuCD dem- 
‘onstrate that inward and outward-focing con- 
formations of an importer-type ABC transporter 
may be accommodated with relatively. little 
change in overall architecture, Because neither 
HI1470/1 nor BtuCD were erystallized in. the 
presence of nucleotide, binding protein, o ligand, 
the ene is of the differential stabi- 
lization of alternate conformations is: not ob- 
Vious; one possibility is thatthe substitution of 
the native bilayer with detergent has shifted the 
equilibrium between inwant- and outward-facing 
conformations. A comparable phenomenon has 
recently been discussed for the conformation 
fof the Voltage sensor in potassium channels 
(30), Lattice contacts overlapping the molecular 
two-fold axis of HIL470 and the periphery of 
BiuD could also play a role in stabilizing the 
‘observed confomations of the ABCs. Conse 
quently, despite the differences in structures of 
HI1470/1 and BluCD, itis not possible to establish 
the comespondence between nucleotide state and 
transporter confonmation with certainty: how- 
‘ever, the closer juxtaposition of ABC subunits in 
BtuCD relative to HIL470/1 suggests that the 
‘outwant-facing conformation of the transporter 
comesponds to the closed (ATP) state of the 
NBDs, as suggested by Chen and Davidson (27) 
and as observed for Sav1866 by Dawson and 
Locher (22). A notable aspect of the switch in 
translocation pathways between inwanl- and 
outward-facing conformation is the packing 
rearrangement of helices TM3 to TMS with 
respect to the remainder of the TMD. In vi 
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the internal duplication evident in the helix 
packing arrangements of HIL470'1 and BruCD, 
as well as other channels and transporters (/3 
this suggests the possibility that the intemal 
symmetry is inherent in the mechanistic transi- 
tion between inwand- and outward-facing con- 
formations. The roles of binding protein, ligand, 
and paticularly nucleotide binding and hydro 
sis in driving these conformational transitions 
remain crucial mechanistic issues 
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Antibody Class Switching Mediated 
by Yeast Endonuclease—Generated 


DNA Breaks 


‘Ali A. Zarrin,? Catherine Del Vecchio,” Eva Tseng,* Megan Gleason,? 


Payam Zarin,’ Ming Tian,? Frederick W. Alt* 


Antibody class switching in activated B cells uses class switch recombination (CSR), which joins 


activation-induced cytidine deaminase (AID}-dependent double-strand breaks (DSBs) 


in two 


large immunoglobulin heavy chain (IgH) locus switch (S) regions that lie up to 200 kilobases apart. 
To test postulated roles of S regions and AID in CSR, we generated mutant B cells in which 
donor Sui and accepter Sy regions were replaced with yeast I-Scel endonuclease sites. We found 
that site-specific |-Scel DSBs mediate recombinational IgH locus class switching from IgM to 
IgGs without $ regions or AID. We propose that CSR evolved to exploit a general DNA repair 
process that promotes joining of widely separated DSBs within a chromosome. 


faa gee 
different immunological functions (/), In mice, 
immunoglobulin heavy chain (lgH) constant 
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region exons (termed Cy genes) lie within a 
chromosomal region that spans 200 kb (Fig. 
JA). lal class switching occurs by a process, 
termed class switch recombination (CSR), in 
which the IgM Cy (Ci) gene is replaced with a 
downstream Cy gene, CSR occurs between 
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lage (I- to 12-Kb), repetitive switeh (S) region 
sequences that fic upstream of given Cyy genes 
(Fig. 1A). Gene-targeted deletion of regions 
(2-4) or their replacement with non-S region 
sequences (4, 5) greatly diminishes CSR, indi- 
cating that S regions are specialized targets for 
CSR events, CSR requires. activation-induced 
cytidine deaminase (ALD) (6), which deami- 
nates eytosine residues in DNA (/), ann transerip- 
tion through $ regions as a means of AID access 


regions into DNA double-strand breaks (DSBs) 
(8), which are CSR intermediates (9-17). 
Joining of a DSB within the donor Ct S region 
(Su) to a DSB within a downstream S region 
completes CSR (/). 

During CSR, AID introduces multiple DSBs 


into S regions, with some being joined between 
two S regions to effect CSR and others being 
rejoined or joined wo other DSBs within the 
same S region to generate internal S region de- 
lesions (12), DSB response proteins, including 
ATM, SSBPI, and HRAX, are necessary for nor- 
mal joining of CSR_DSBs, potentially because 
they facilitate end joining (13) and/or contribute 
to bringing two different S regions together in 3 
process refered to as synapsis (/4, 15). S 1 
‘gions might function in synapsis by generating 
lunusual structures. or binding synapsis factors 
(16). In the V{D)F recombination process that 
assembles Ig variable-region V, D, and J seg- 
ments to generate antibody diversity, synapsis is 
‘catied out by the RAG endonuclease that cleaves 
the segments (/). By analogy, AID also might 
function in S region synapsis, perhaps via inter= 
actions of S region-bound AID molecules and 
unknown cofictors (77). Akematively, $ regions 
may simply serve as targets for AID-generated 
DSBs and have no requisite downstream. fine 
tions. The later possibility eaves unanswered the 
‘question of how DSBs in donor Sy and acceptor 
downstream § regions are synapsed. 

To clucidate CSR synapsis mechanisms, we 
asked whether recombinational IgHT class switch- 
ing in B cells could be established without S 
regions or AID. Specifically, we asked whether 
site-specific DSBs could replace Sy, or both Sy. 
and Syl, in mediating class switching to IgG 
To generate the DSBs, we selected the yeast 
[-Seel endonuclease (/8), which recognizes an 
18- base pair (bp) target that is rare in the mam- 
malian genome (79) and which generates DSBs 
With staggered ends (Fig. 1A) (18). We used 
‘gene targeting t generate the ASy/1/T-Scel* al- 
Tele by replacing the 12-kb endogenous Sy1 on 
they," allele of an 7,%7," FL embryonic stern 
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(ES) cell line with a cassette that contained two 
LScel sites in inverted orientation flanking 500 
bbp of sequence (.\pf intron) that has no inherent 
CSR activity (Fig. 1. A and B, and fig. SI) (5). 
We used this strategy to mimic the intemal S 
region deletion versus long-range CSR events 
that oceur during normal CSR. Thus, the wo 
[Scel sites flanking the inert spacer allow us 
to estimate the frequency with which DSBs are 
joined at short range (500 bp) relative to the 
frequency at which they are joined over long 
range (100 kb) to Sw DSBs. For replacement 
fof both Sp. and Syl, we started with ES cells 
harboring a ASy1 
4.6-kb Sis region (3), and then replaced Sy. with 
{wo EScel sites in inverted orientation (Fig. 1, A 
and B), The resulting allel, in which both Si 
and Syl_were replaced with IScel sites, was 
termed ASHAS/I/-SceP (Fig. 1B and fig. SI), 
cells homozygous for 
1/E-SceP* allele (fig SIB), We used 


2-deficient blastocyst comple- 


To assess effects of the Syl replacement, we 
asayed IgG, scerction in activated mutant B 
calls In normal B cells, lgGy seeretion only o°- 
cours via CSR events that place Cy! in the posi- 
tion of Cy. Splnoeytes trom wikltype FL ES 
cells oF FI ES cells harboring the ASy1/LS 
allele were cultured with CD40 antibodies 
CD40) plus interleukin-4 (IL-4) and separately 
‘with bacterial fipopolysachride (LPS) pls IL-4, 
which induces transcription from a promoter 
‘upstream of Syl and, as a result, induces CSR 
between Sy and Syl (/). After stimulation, tar- 
geted and wild-type alleles were similarly tran- 
scribed (fig. S2). We used a specific antibody to 
measure secreted IgG," as an index of switching 
fon targeted IzfI* alleles. With either activation 
protocol, sceretion of LxG," by the ASyI/- 
or ASHASyI/I-Scel” FI_B cells aller 6 days of 
activation was reduced, on average, more than 
100-fold, to nearly background quantities 


0.5 kb spacer-TAATGGGACAATAGGGAT 


Fig. 1. Gene targeting strategy and recombination breakpoints. (A) Genomic organization of the 
mouse IgH constant region locus. Black rectangles denote Cy exons, and ovals denote S regions, Si and 
‘Sil are about 100 kb apart. The Sy1° (12 kb) was first targeted by homologous recombination and 
replaced with outlined I-Scel cassette to generate ASy1/-Scet* (fig. $1). Subsequently the 4.6-kb Su? 
was replaced with two FScel sites by using a targeting vector described previously (3). The two inserted 
[-Scel sites in the 51. region are in inverted orientation flanking 500 bp of intron from the Xpf gene. 
The F-Scel sites in the Su region are in inverted orientation separated by a 4-bp spacer (RATT). The 
staggered cleavage site of 1-Scel is depicted by red and blue colors. The location of the V(D)} exon at 
the 5’ end of the IgH constant region locus is indicated. The locations of intronic (D promoters for js and 
1/1 from which germiine transcription initiates are designated as open rectangular boxes. (B) Schematic 
summary of FScel replacements. The Su and Sy1 regions are depicted with red and yellow ovals, 
respectively. The FScel cassettes are drawn as black solid circles in a rectangular box. Small solid 
triangles represent the location of DNA junctions between Su and ASy/-Sce or between ASw/-Scel® 
and ASyL/-SceP*. Sequences of these junctions are show in figs. $B and 9. 
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(Fig. 2, A and B). However, infection of ac- 
tivated ASyI/LScel® or ASHASyI/T-Scel* B 
cells with a retrovirus (pPMX-I-Scel) that 
expresses [-Seel stimulated IgG," seeretion by 
50-fold or more to quantities that, on average, 
‘were about 10 10 208% of those of wild type (Fig, 
2, A and B), Asa control, pMX-L-Seel infection 
Of wildtype B cells had no obvious effect on 
1gG_* switching (Fig. 2, A and B). Amounts of 
infection in different experiments 
ranged fiom 20 10 70% of the cells (fig. $3). 
Therefore, many cells in assayed populations 
\Were not exposed to pMX-I-Scel, which means 
that the relative efficiency of [-Scel-dependent 
switching 10 IgG, on the targsted alleles of 
pMX- [-Scel- infected B cells, as compared with 
bona fide CSR to leCi on wild-type alleles, was 
‘even higher than observed 

‘We confirmed the surprisingly high amounts 
‘of IgG." switching in the pMX-I-Scet- infected 
mutant B cells by several independent methods, 
including B cell hybridoma analyses (tig. S4), 


Fig. 2. CSR in wild-type or targeted B cells. (A and B) Enzyme-l 


flow cytometry (fig. $3), and enzyme-inked 
immune spot (ELISpot) assays. ELISpot allows 
‘quantitative assessment of the frequency of anti- 
body secreting cells at the single cell level. For 
these experiments, B cells homozygous for the 
ASUASyI-Scel” allele were stimulated with 
LPS and IL- or anti-CD40 and IL-4 for 4 days 
With or without pMX-FSeet infection. Although 
we observed no IgG, switching in uninfected 
ASUASyI/LScel* homozygous B cells, nearly 
10% of pMX-I-Scel-infected cells switched to 
IeG, Fig 2C and fig. SS). In control exper- 
iments, about 40% of similarly stimulated wild- 
type cells switched to IeGy (fig. SS). Thus, 
switching on S region mutant alles approached 
20% of wikktype quantities, with the highest 
amounts appearing to correspond with the highest 
amounts of retroviral infection. Lastly, ASuASy 
[-See?* homozygous B cells stimulated only with 
LPS showed a similar amount of IgG, switching 
[about 7% (Fig. 2C and fig. SS)} as when 
stimulated with LPS and IL-+ or anti-CD40 and 


iked immunosorbent assay (ELISA). 


Wild-type (FI), ASyL/l-Scel, or ASuASy1/A-Scel” B cells were cultured in the presence of anti-CD40 
and IL-4 (A) or LPS and IL-4 (B) and assayed for secretion of IgG". The amount of IgG” secreted in 
the presence of pMX-FScel or in its absence (uninfected or plMX vector alone) is shown. Each solid 
circle represents the measurements for one mouse. Error bars represent standard deviation of the 
mean (open triangles) of two or three independent experiments, each done with cells from a 
different mouse. (C) ELISpot assays ELISpot measured the frequency of IgGy-producing cells in 


populations of homozygous ASuASyLI-Scet? B cells stimulated with LPS, LPS and I 


The cells 


‘were infected with pMX vector alone or pMX-I-Scel and after 4 days plated at different dilutions. The 
ratio of lgGx-producing B cells to the total number of B cells was determined by staining the cells 
after 12 to 18 hours with antibodies against IgG, or w/.. Noninfected homazygous mutant cells or 
homozygous mutant cells infected with pMX vector showed negligible switching to IgG. A table 
summarizing the ELISpot assays on three to four different chimeras using different stimulation 


conditions is depicted in fig. $5. 
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IL-4. This result is noteworthy because LPS 
Simulation of normal B cells does. not induc 
transcription through the Sy! 
spondingly, does not substantially up-regulate 
eG, switching (fig. $5) (J). 


dependent switch- 
ing to IgG, in mutant cells required AID, we 
generated IgM"-producing hybridomas. from 
ASHASYL B cells. As for hybridomas 
fiom wikltype B cells, the mutant B cell hy- 
bridomas did not express detectable AID (Fig, 
3A). In addition, Norther blots failed to reveal 
gemnline Cyl transcripts in these hybridomas 
(ig. S6), We infected ASWASy1/1-Se 
ddosras with pMX--Scel and performed 


7% of the ASHASyI/-Scel hybridomas cells 
switched 10 IgGy production (Fig. 3, B and C, 
and fig. $7), indicating that I-Seel-mediated class 
sovitching to IgG, ean be induced in the abe 
fof AID and in the sbsene 
Cy! focus transcripts 
We used polymerase chain reaction (PCR) 
to characterize recombination junctions from 
individual ASy1/LScel* IyG"sproducing hy- 
bridomas and found Sy sequences fused, a var 
jos sites within Sp, to one oF the other I-Sect 
site Fig. 1B and fig $8, A and B), which along 
with the EScel dependence of these junctions 
responsible for gen 
erating downstream acceptor DSBs. Further 
analyses of several junctions that used the S* 
I-Scel site revealed that half had alterations of 
the retained 3° FScel site (ig. S8C), consistent 
with FScel cutting these sites with high eff- 
ciency (/9, 22). All Sp-t-Scol junctions. ana- 
Iza had a high frequeney of mutations (5.5 
10° per base pair) within the Si sequence just 
tupsream of the junction, as expected for ine 
volvement of AID in the generation of donor Sy 
DSBs (22), In contrast, analyzed junctions hud 
only a background frequency of mutations (= 
10 per bp) in the SO0-bp pf intron directly 
downstream ofthe 5" F-Seel site, consistent with 
downstrcam DSBs being generated by I-Sccl 
(fig. S&, Ato C). These results show that AID- 
induced DSBs in Su can be joined to DSBs 
generated by other processes, in this ease FScel, 
¢ notion that such joining could 
ating oncogenic trans 


tion junctions from I-Scel-infected ASW. 
EScel* B cell or hybridoma populations, 
fell within or in close proximity to 1-S 
(Fig. 1B and figs. $9 and S11), confirming 
that I-Scel-dependent switchi 
EScel* alleles involved cutting 
EScel sequences. 

We sought 10 approximate the impact of 
distance on ability of two separate I-Scel 
‘madiated breaks to be joined. To do this, we 
assessed the frequency of short-ninge [Sect 
dependent deletions resulting fiom joining DSBs 
at the two I-Scel sites that flank the $00bp APF 
intron cassette of ASAASyI/I-Scel” B cell hy- 
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Fig. 3. Frequency of class switch- A 
ing in IgMt*-producing hybridomas 
derived from ASWASyIScel” 
B cells. (A) Western blot analy- 
ses of AID expression in two 
IgM-producing hybridomas de- 
rived from the ASuASy1/-Scel® 
heterazygous B cells. Extracts 
from activated splenic B cells, B 
noninfected pMX-1-Scel-infected 
hybridomas, oF pMX-FScel~ _ pMX-Scal 
infected hybridomas (two inde 
pendent experiments) were probed z 


with antibodies against AID. 
‘AntiSOD2 (Mn superoxide dis- 
mutase) was used as a loading 
control, (B) ELISpot assay done 
after 6 days after infection of 
lgM-producing hybridoma-46 
with pMX-t-Scel. Hybridoma © 
cals were infected with pak | 
vector or pMX-LScel, plated at a 
different densities, and probed = Expt 
with antibodies agaist x, li, 

‘or IgG, (additional resus are = | Exp 
in fig. $7). (C) The results ob- 

tained from three independent experiments with hybridoma 46 cells uninfected, infected with control 
IMX vector, or infected with pMX-L-Scel. ND, not determined. 


General Synapsis Mechanism 


so 8 
Gy Cn 
oo — {woo 
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Fig. 4. A general mechanism may mediate high-frequency long-range chromosomal joins and CSR. 
(A) A schematic of joining events on the ASuASyIScel allele. The two sets of I-Scel sites that 
replace Su and Sy1 are indicated as solid circles in open boxes with splits in the dots representing 
potential DSBs, Short-range (500-bp) deletions between the two I-Scel sites that replace Sy1 in 
ASuASY/-Scel IgM-producing hybridomas (indicated by double arrow connecting DSBs) after 
infection with pMX-L-Scel was estimated to occur in 45 to 60% of the cells (fig. $10). Long-range 
deletions leading to class switching in the same infected hybridoma populations was estimated to 
‘occur in 5 to 10% of the cells (Fig. 3, B and C, and fig. $7). (B) A model for synapsis of AID- 
generated DSBs between two S regions during CSR that relies on @ general DNA synapsis 
mechanism that leads to a high relative frequency of long-range (up to 200 kb) versus short-range 
joining or rejoining of DSBs within a chromosome. 


bbridomas. For this purpose, IgM"expressing 
ASuASyI/E-Scel* hybridomas were infected with 
pMX-LScel retrovirus and, afler 3 days, sub- 
cloned by serial dilution; short-range deletions 
‘were assessed by Southem blotting and PCR 
Alter pMX-I-Scel infection, about 45 10 60M 
of ASuASyI/-Scel* hybridoma subclones 
contained short-range deletions within the 
ASYI/LScel” cassette, with most breakpoints 
2 at or near the two I-Scel sites (Fig, 
S10 and S11). This result con! 
cel cuts efficiently, because both | 
sites had 10 be cut simultaneously to form short- 
range joins. Assuming that all inserted | 
sites are similarly cut, these findings a 
indicate that long-range joins of [-Scel DSBs 
at the location of Sp to I-Scel DSBs 100 kb 
downstream at Sy1 [which occurred in $ 10 10% 
fof these hybridoma clones (Fig. 3C and fis. 
‘S10 and S11} occur at about 10 t0 20% of the 
fiequency of short-range joins between the 
‘Scel DSBs flanking the $00-bp spacer. 

We find that AID-initited DSBs within Si- 
for FScel-mediated breaks at the site of S 
fiequently locate and joi 
DSBs 100 kb downstream at the nonn 
site, Froquencies of resultant I-Sce-t-medl 
switching t0 IgG were at least $ to 10% of 
bona fide IgG) switching mediated by full- 
Jength Se and Syl. In activated B cells, CSR 
{0 IsGy is proportional to length of 
(23). In this 


cy of an allele containing a full-length (4.6-kb) 


Su and a I-kb Syl (23), This frequency of 
switching approaches that of normal CSR 10 
some other IgG isotypes, which ranges from 20 


to 50?% that of IxGs (3). Moreover, the frequency 
‘of long-range joins between two I-Scel DSBs in 
the IaH locus is three to four orders of magnitude 
‘greater than that for joining FScel DSBs on 
different chromosomes (19, 22). Therefore, our 
studies reveal an unanticipated process that 
Ieads to frequent joining of widely separated 
IaH locus DSBs. Although we do not rule out 
roles for AID or normal S regions in enh 
joining of AID-initiated DSBs, we cone 
that substantial 1gH1 class swite 
from joining two widely separated I-S 
requires neither AID nor § re 

‘What processes promote synapsis of widely 
separated IgH1 locus DSBs? One candidate is B 
cell-specific higher-order [gH locus. structural 
features, perhaps related to germline Cy tran- 
scription, that could influence interactions. of 
DSBs in ccrtain locations (/, 7). However, we 
find similar amounts of I-Scel-dependent switch- 
ing to IgG, in LPS-activated B cells and IeM- 
producing hybridomas that have not up-regulated 
transcription of or CSR to the Cy! locus, This 
finding indicates that synapsis of L-Scel DSBs 
does not require the processes that direct 
a particular Cy gene and suggests a potential 
role for more general mechanisms. In yeast and 
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‘mammalian cells, widely separated DSBs can be 
brought together before repair (2 In this 
regard, activated DSB response proteins, such as 
Y-HDAX, form foci that spread over chromatin 
regions up to a megabase flanking DSBs (26), 
and these proteins have been implicated in S 
region synapsis (/4). Therefore, an attractive 
possibility is that simultaneous DSBs within the 
sseveral-hundred-kb Cy portion of the IgH locus 
t wenerate overlapping domains of a 
vated DSB response factors that promote 
synapsis and long-range joining, potentially as 
by-product ofa general mechanism that evolved 
to prevent translocations (/3). Such a mechanism 
might also contribute to the propensity of certain 
chromosomal regions to undengo deletions (27) 

In our model system, retroviraly introduced 
[-Seel frequently generates muhiple DSBs 
\within the IgHt locus in activated B cells, which 
rowults either in rejoining of a DSB at a given 
[-Scel site, short-range deletions from joining 
DSBs at two prosimal Feet sites (e.g, inserted 


in place of Sy}, o long-range deletions from 
joining a 
with a 


1B at an L-Scel site that replaced Sp. 
ISB at an I-Scel site that replaced Syl 
A). This pattern is reminiscent 


30) (Fig. 4B), Moreover, long- 
deletions occured at an 9 frequency that 
was roughly 10 t0 20% that of short-range de- 
letions (Fig. 4A). Although F-Scel- and AID- 
xenerated breaks are not necessarily equivalent, 
these findings suggest an unanticipated aspect of 
the IgHl CSR synapsis and joining mechanism, 


Specifically, we propose that the CSR evolved 10 
censure that the number of AID-dependent DSBs 
introduced into two participating S regions dur- 
ing the course of a given B cols activation (3 to 
4 days) is suflicintly high to yield physiological 
cellular amounts of CSR on the basis of a general 
mechanism that promotes an unexpectadly high 
relative proportion of long-range joining versus 
short-range joining or rejoining events (Fig. 4B), 
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Farmland Biodiversity and 
the Footprint of Agriculture 


S. }. Butler,™* }. A. Vickery,” K. Norris* 


Sustainable development requires the reconciliation of demands for biodiversity conservation 
and increased agricultural production. Assessing the impact of novel farming practices on 
biodiversity and ecosystem services is fundamental to this process. Using farmland birds as a model 
system, we present a generic risk assessment framework that accurately predicts each species’ 
‘current conservation status and population growth rate associated with past changes in agriculture. 


We demonstrate 


value by assessing the potential impact on biodiversity of two controversial 


land uses, genetically modified herbicide-tolerant crops and agri-environment schemes. This 
framework can be used to guide policy and land management decisions and to assess progress 


toward sustainability targets. 


iodiversity and ecosystem function are 
Be linked. The ease for bio- 
diversity conservation can be angued on 


economic, sociocultural, and aesthetic grounds 
(3). Although biodiversity loss has occurred 
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across all terestrial ccosystems, many of its 
drivers are associated with the intensification of 
agriculture (4, 5). Agricultural production is set 
to double again by 2050 (6), Unless the foot- 
Print of agriculture is carefully managed through 
sustainable development, both agricultural sys- 


tems and remaining natural ccosystems will 
suller further degradation, increasing the pro- 
portion of the world’s species threatened with 
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Managing the environmental effects of agri- 
culture requires: an assessment of biodiversity 
risks and benefits for all new agricultural prac 
tices (4. 9. An appreciation of the ecological 
‘mechanisms that affect extinction risk is funda- 
‘mental to the development of risk assessment 
‘rotecols. One key factor appears to be the degree 
‘of specialization shown by a species (10, 12), 
‘Specialists have namower niche requirements and 
are disproportionately affected by reduced niche 
availabilty; the corollary is that generalist species 
are likely to be more resilient to environmental 
perturbation (2). 

We have developed a trait-based risk assess- 
‘ment framework capable of predicting the im- 
pact of environmental change on biodiversity 
and ccosystem services. We used farmland birds 
as a model system to which to apply this frame= 
work. In the United Kingdom, binds have al 
ready boen adopied as a focus for biodiversity 
conservation, with an index of wild bird popu 
lation trends included as one of the govern- 
ment’s 15 headline indicators of sustainable 
development. This indicator, presented as the 
‘overall proportional change since 1970, can be 
partitioned by habitat 0 reveal underlying trends 
(23). The farmland bird index (FBI) component 
shows that farmland bird populations have al- 
most halved since 1970, and it is widely ac- 


19 JANUARY 2007 


381 


| REPORTS 


382 


cepted that these declines have been driven by 
agricultural intensification (14, 15). The UK gov~ 
cemment has seta public service agreement (PSA) 
target to reverse this long-term decline in fim- 
land bind populations by 2020, 

Our framework draws on a matrix of spe- 
cies’ ecological requirements covering compo- 
nents of diet, foraging habitat, and nesting 
habitat, The framework assumes that an agricul- 
tural change will affect a species if it ads to a 
change in food abundance andor a change in 
nesting success. Food abundance ean be ak 
tered by changes in foraging habitat availability 
andor changes in food abundance in existing 
foraging habitats. Nesting success can be altered 
by changes in nesting habitat availability and or 
changes in nest success in existing nesting hab- 
itas, Risk score calculation has is basis in the 
assumption that species with broader niches will 
be less vulnerable to the effects of agricultural 
change than species with narrower niches. 
Niche breadth is reflected ina species” risk 
core by calculating and summing the propor- 
tion of diet, foraging habitat, and nesting habyitat 
‘components used by the species that are affected 
by an agricultural change. Higher scores are at- 
tributed to species demonstrating a greater pro 
portion of affected requirements (/6), 

To validate our framework, we assessed 
the environmental effets of six key compo 
nents of agricultural intensification in the United 
Kingdom over the past 4 decades: the switch 
from spring t autumn sowing, increased agro~ 
chemical inputs, loss of noneropped habitats 
{ce land not used for growing crops) increased 
Jand drainage, the switch from hay to silage, and 
the increased intensity of grassland management 
(4, 15), We determined from the available lit- 
erature whether these components had fed 10 a 
reduction in the abundance or availability of 
‘each dict, foraging habitat, and nesting habitat 
‘component included in our matrix of ecological 
requirements. By using this matrix, we idden- 


tified every species likely 10 have been ad- 
versely affected by any such reduction and 
caleulated a risk score for each species. When 
summed across all six changes, the overall risk 
score for each species reflects the degree 10 
Which agricukural intensification has affected 
the species’ ccological requirements (/6). 

Fach of these agricultural changes has oc- 
ccurred at a national scale, and any detrimental 
‘environmental effects are likely to have caused 
populationscake responses in vulnerable spe- 
cies. We predicted that the risk score for each 
species shoul! be significantly related 1 its 
conservation status and population growth rate 
over the period of recent agricultural change. 
The conservation status of UK birds is listed as 
red (most threatenod), amber, and green (least 
thyatencd) and is assigned according to a range 
of eriteria covering breeding range and popula- 
tio trends (17). We found that risk score was 
Significantly related 1 the probability of being 
listed in these conservation status categories 
(Fig 1A) (mean seore = 1 SE for species on the 
red list was 6.6 © 0.8; for the amber list, 49) 
OX; and for the groen list, 22 = 0.4; ordinal 
logistic regression, 7° = 254, P < 0.001), We 
also found thatthe risk scone was significantly 
related to the annual rate of poputation growth 
(Fig. 1B) (16) Higher risk assessment scores 
were associated with species with negative pop- 
ulation growth rates and therefore experiencing 
population decline (FUL, 49) = 11.3, P 0,002} 
The predicted FBI, based on population changes 
from 1970-2001 and cakulated by using a 
bootstrapping procedure on population growth 
rates generated from jack-hnife analyses (76), is 
0.59 (O42 to O8S are 95% confidence limit 
compared to the actual FBI of 0.54 

Our risk-scoring system assumes equal 
weighting for each source of Fisk in temns of 
its relation to conservation status and population 
growth and assumes that different Fisk sources 
have an additive effet. To critically assess these 


assumptions, we consinicted a series of more- 
complex altemative models that decomposed 
the total risk score into various component parts, 
allowing the weighting of different sources of 
risk to vary. We also created a set of models that 
assumed multiplicative rather than additive ef 
{kets (tables S6 and S7), This analysis showed 
that our assumptions were reasonable: The 
most parsimonious models of conservat 
status and population growth rate only included 
toval risk score. However, two altemative mod- 
ls for predicting population growth rates, one 
ing adgitive effects of risk score decom 
posed into diet-related and nest-telated compo- 
nents and the other specifying multiplicative 
eflocts of these two variables, also reccived 
support. 

Parameter estimates fiom these regression 
models can be used to predict the likely impact 
of new agricultural practices on fanmland bind 
populations. We demonstrate this process by 
applying our risk assessment framework to two 
controversial land uses, genetically modified 
hetbicide-tolerant (GMHT) crops and agri- 
environment schemes, which have generated 
ddchate over their possible contributions t0 sts 
tainable development and their impacts. on 
biodiversity (78-22), Species scores from these 
risk assessments were combined with their seores 
fiom the validation process, which characterize 
responses 10 current landscape conditions, 10 
predict population growth rates and conserva 
tion status in the resultant landscapes (16), 

The Farm Scale Evaluation project inves 
tigated the effects of GMUT erop management 
fon UK farmland wildlife. is results suggested 
that introduction of GMIIT sugar beet and 
cilsced rape is likely to cause a fong-term redue~ 
tion in above-ground invertebrates and weeds in 
the cropped area of fields (23). Thirty-nine 
farmland bird species have ecological require- 
ments that_make them susceptible 10 such 
changes. Each of these species would therefore 


Fig. 1. Relationships © A x Y 
between total risk score 

and (A) conservation sta- 1.0- 

tus category and (B) an- § 09 

rival population growth 8 og 

rate. (A) Probability of gor. 

conservation satus cate 

gory classification de- § 0% 

rived from parameter § 05: 

‘estimates of the ordinal § 0. 

logistic regression mod- 8 os. 

el (16). Colors represent 8 92 

UK conservation statis 5 5 ‘ 

Categories (17). Below a BO" 01 

ete so os «0 8 ww te oo 25) so 75100125, 


left of line ¥), the prob- 
ability of being green- 


listed és highest. Between risk scores of 4 and 6.9 (between lines X and ¥), 
the probability of being amber-listed is highest. Above a risk score of 6.9, 
(to the right of line ¥), the probability of being red-lsted is highest. Bar 
ccharts show the distribution of actual species status within these risk score 
boundaries. Cross-tabulation of predicted versus actual classification shows 
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strong symmetry (Somer’s d = 0.50, P < 0.002), (B) Annual population 
‘growth rate declines with increasing score from risk assessment of recent 
agricultural intensification (26). Data for species included in FBI are shown in 
Dlue. Solid black line shows fitted model for al species (y = 0.0079 ~ 0.0037s, 
1.19), dashed lines show 95% confidence limits, 
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be expected to experience reduced population 
growth rates following nationwide GMHT crop 
introduction. However, we predict that just one 
species, meadow pipit (Andhus pratensis), would 
be reclassified to a lesefavorable conservation 
status as a consequence (changing from amber- to 
rexbisted), Overall, it appears that replacing equiv 
‘alent conventional crops in the cument agricultural 
landscape with GMETT crops would only have a 
limited effect on the FBI (Table 1 and Fi 

Agricenvironment schemes are desi 
mitigate the detrimental impacts of agriculture 
and inerease the value of the landscape 10 bio- 
diversity, Clearly these schemes will be most 
effective if they target the main drivers of bio- 
diversity decline. Our validation resus suzgest 
these key drivers have been the loss of food and 
nesting habitats in the cropped areas of the ag- 
ricultural landscape (table S8). 

‘An example scheme, entry-level stewardship 

SS), was launched in England in 2005, offer 
ing a range of management options for all farm 
ing types. Over 13,000 agreements, covering 1.S 
million hectares, have alrendy been implemented, 
With payments totalling £47 million in the frst 


‘year (24). However, analyses of option objec- 
tives and initial uptake rates (16, 25, 26) show 
that the main emphasis of current agreements is 
‘on hedgerow and margin management rather 
than improving the environmental value of the 
‘cropped area (table SS), This disparity between 
the causes of farmland bird population decline 
and the uptake of mitigation measures, rather 
than scheme design per se, suggests that the 
ELS may not deliver its biodiversity objectives. 
Even if all causes of decline associated with 
margin and hedgerow habitats in the current 
agricultural landscape are countered by manage- 
ment agreements under ELS, our analyses sug- 
‘gest that the FBI will continue to decline, driven 
bby the detrimental conditions persisting in the 
cropped area (Table | and Fig. 2). More im- 
pportantly, the three models predict that the 
percentage of FBI species with annual popula- 
tion growth rates of zero or above will lie 
between only 37% and $3% [8/19, 10/19, and 
7/19 of FBI species (table S9)]. Furthermore, 
several rev-list species, such as skylark (lana 
arvensis) and com bunting (Miliaria calandra), 
Which rely solely on the cropped area of fields, 


Table 1. Predicted FBI in 2020 derived from risk scores associated with continued current man- 
agement, the introduction of GMHT crops in 2005, or the introduction of the ELS scheme in 2005. 
‘Mean predicted FBI values and 95% confidence limits (in parentheses) were generated from three 
alternative models of population growth rate (16). Predicted FBI for 2001 generated from the three 
alternative models are also shown. For comparison, the FBI in 2001 calculated from actual 


Population growth rates was 0.54. 


Predicted FBI in 2020 
Predicted FB Current “GMAT 
q Tops 
ene fin 2001 management introduced in 5 inoduced 
continued 2005, is 
Tala 059 042 0.40 07 
(042-085) (026-065) (025-062) (031-071) 
Diet related risk plus 059 0.42 oat a7 
nest-relatd risk (038-086) (027-062) (026-062) (030-070) 
gad 0.62 047 04s ose 
miteled Wy (oa-094) (030-071) (028-067) (034-077) 


Fig. 2. Predicted proportional 
‘changes in the populations of the 
19 FBI species betiveen 1970 and 
2020 under three land manage- 
ment scenarios (16). Line colors 
represent current UK conservation 
status categories (17). Popula- 
tion growth rates estimated from 
parameter estimates were de- 
Fived from the model of total risk 
score used to illustrate predicted 
responses. 
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ae likely to continue declining at their current 
rate (Fig. 2), Unless greater emphasis is placed 
‘on improving the value of the eropped area for 
biodiversity, progress toward reversing the long- 
term declines in farmland birds is liable to fall 
short of the UK govemment’s PSA target. 

This wat-based approach could have a broad 
range of applications in agricultural ecosystems 
and beyond. For example, it could be used 10 
asso the risk of agriculural changes 10 pok 
Tinating insoet populations and therefore polina- 
tion services. The necessuy data for developing 
an ecological requirements matix for many of 
these species, paticularly in the United 
sdom and Westem Europe, are reality attainable 
27). Pollnator diversity is essential for sustaining 
this highly valuod service estimated to be worth 
S14 ha’ year (28), but agricultural inten- 
sification has reduced bow the diversity and the 
abundance of native inseet pollinators (27). By 
assessing the impact on key ecological re- 
quirements, our framework could be used 10 
rodict the response of pollinating insect popule 
tions 10 any proposed change and there 
fiilitte the eflective management of pollination 
servis in the agricultural landscape, Our frame- 
‘work provides a robust basis for assessing risk, 
and its application to GMUIT crops arnt agri 
Cawvitonmental marsagerent has important iinpli- 
cations for policy- and decision-makers, We 
telieve our famework can also contribute greatly 
to the economic evaluation of proposed agricultur 
al changes tha alter the functioning of ecosystem 
services dough their impact on biodiversity 
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Control of Drosophila Gastrulation by 
Apical Localization of Adherens 
Junctions and RhoGEF2 


Verena Kélsch,!* Thomas Seher,* Gregorio }. Fernandez-Ballester,’ 


Luis Serrano,*t Maria Leptin*$ 


‘A hallmark of epithelial invagination is the constr 


n of cells on their apical sides. During 


Drosophila gastrulation, apical constrictions under the control of the transcription factor Twist 
lead to the invagination of the mesoderm. Twist-controlled G protein signaling is involved in 
mediating the invagination but is not sufficient to account for the full activity of Twist. We 


identified a Twist target, the transmembrane protein T48, which acts in conjunction with G protein 


signaling to orchestrate shape changes. Together with G protein signaling, T48 recruits adherens 
junctions and the cytoskeletal regulator RhoGEF2 to the sites of apical constriction, ensuring 


rapid and intense changes in cell shape. 


ical constriction of cells ean contribute 
to the invagination of epithelia, such as 
luring gastrulation or organogenesis, and 


the closure of wounds. In the Drayophila embryo, 
apival constrictions occur along the Ventral side of 
the blastoderm epithelium, leading to the fi 
tion of the ventral furrow and the in 
the mesoderm (J). Proteins necessary for the 
imechanies of these cell shape changes include the 
Rho guanosine S’-tiphosphate-exchange factor 
RhoGEF2 (2, 3) and a heterotrimeric G protein, 
Whereas RhoGEF2 is essential for furrow forma: 
tion, disruption of the heterotimeric G protein, 
such as by loss of isc subunit Concertina (Ca, 
Teads to a delay but no lasting defects in meso- 
derm morphogenesis (4, 5). These -matemally 
supplied proteins must be activated under the 


‘control of the zygotic genome in the 
Twist is the zygotic transcriptio 
that is esse 


repressor Snail, which is also 
enesis (6). 


the transeriptio 
essential for mesodermal morpho, 
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factors. OF the known Twist targets, only one, 

folded gastrulation (fog), is involved in mediat 

ing shape changes. Mutants in fog, which codes 

for a secreted peptide (7, 8}, show the same 

defects as embryos lacking Cla, Fog is therefore 

thought to actin the same pathway as Cta, which 
ling. 


we refer to as Fog/Cta sign 

Fog/Cia signaling is thought to cause changes 
in the actin cytoskeleton in conjunction with 
RhoGEF2, Recruitment of myosin from basal to 
apical in constricting ventral cells is partly 
dependent on Fog/Cta and absolutely dependent 
‘on RhoGEF2 (8, 9), Furthermore, the mamma: 


of Drosophila RhoGEF2 to 
ns of EBI is disrupted by 


activated Cta(//), Given that myosin ree 
and apical constriction are reduced but_not 
abolished in the absence of Fog/Cta (8), there 
rust be other factors regulated by Twist that 
explain its effects on apical constriction, 

Ina screen for genes that mediate the zygot- 
inition (/2), we found the #e- 


ie control of 


4 2] 


—_. 


Fr 
G Bar Sa Oly GEF? Sob beads 
55-14 - 
%S-THmasroe 
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Fig. 1. Characterization of 148, (A 
and B) Wild-type and age-matched 
D{GRICCI.2 (TAS) embryos stained 
for Twist (brown) and Even-skipped 
(blue), For statistical evaluation, see 
figs. S2 and 53. (C) T48 RNA ex- 
pression at blastoderm stage. (D to 
F) T48HA localization. (0) Surface 
view of stage 5 embryor staining is 
at the cellular interfaces, [E) and 
(F)] Optical sections through the 
blastoderm epithelium, apical is up. 
748 fs at the apical cell membranes, 
‘overlapping phospho-tyrosine (PIyr) 
staining, but not Bazooka (Baz). 
Scale bars, 10 ym. (G) Coim- 
munoprecipitates of **S-labeled 
ou | T48 and Grb with glutathione S- 
transferase fusions of PDZ do- 
mains (17). Coomassie-stained 
'SDS-polyacrylamide gel electropho- 
resis bands of the PDZ-construct 
input shown below. (H to M) Co- 


localization of PDZ domains with 
TASHA. S2 cells transfected with 
GFP-tagged RhoGEF2-POZ [(H) to 
) oF Scrbbled-POZ [K) to (MO) 
alone or in combination with TaBHA 
oF TABHAgme. (See figs. $4 and $5 
for statistical and graphic evaluation) 
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n uncovered by the chromosomal deficiency 
D/BRITP to be necessary for the proper for 
mation of the ventral furrow (fig. SI). Phenotypic 
analysis and molecular mapping of a set of over- 
ies (table SI identified the 


lapping detici 


text and Fig. 1, A and B]. Ta8 is expressed in the 
mesoderm (Fig. 1C) under control of Twist 
(13, 14), It codes for a predicted protein with a 
peptide and a pot 
domain, When an internally r 
tagged T48 protein (T4SHA) was expressed in 
‘embryos, it localized at the peripheries of 
blastoderm cells, consistent with 
ation with or insertion into the plasma membr: 
(Fig, 1D). Optical cross-sections: showed that 
TASHA is targeted to the apical membrane (Fig. 
1, E and F), 

No other structural motifs are recognizable in 
the protein, However, the C-terminal amino acid 
sequence —He-Thr-Thr-Ghr-Leu (ITTEL) con- 
forms to the class I consensus for peptides that 
s. T48 has no obvious 


intracellular part of Frasl (15), which 
PDZ-binding motif. To find candidates for PDZ 
domains that might interact with T48, we ana- 


lyzed the putative PDZ-bingk 
rithm designed to determi 
domains that show the optimal fit 
peptide (/6, 17). OF the predicted interactors 
(table S2), RhoGEF2 was particularly interestn 
in view of its role in ventral furrow forma 

(2, 3). Furthermore, the mammalian ontholog of 
RhoGEF?2 has been shown 
bby means of a PDZ-binding motif (-Val-Thr-Asp- 
Leu) very similar to that of TAS (18) 

We tested whether the C temninus of T48 is 
indcod able to interact with RhoGEF2. A ¥S. 
labeled Cterminal peptide of T4S preferentially 
coprecipitated with the PDZ domain of RhoGEF2 
rather than those of other PDZ. dorin- containing 
proteins, in contrast to Crumbs, which was used 
2 control and which preferentially coprecipitated 
with PDZ domains from its physiological int 
action partner Stardust, as well as Bazooka (F 
1G). In Schneider S2 cells, 
protein (GFP) 
full-length RhoGEF2 was localized in the eyto- 
plasm or formed intracellular aggregates (Fig. 11) 
When expressed alone, but localized to the plasma 
membrane when coexpressed with THS (Fig. 11 
and figs. $4 and SS). In both assays, the interac- 
tion required the presence of the -ITTEL motif 
and was not seen with other PZ domains (Fig. 1 


g sequence withan 
the PDZ 


Fig. 2. Redistribution of 
RhoGEF2 and Armadillo. 
Sections of wild-type ((A) 
to (U] and 743" embryos 
{dW to (Q)] stained for 
RhoGEF2 and Armadillo 
a indicated, (A to C and 
F) Stage 5 wild-type 
embryos; RhoGEF2 and 
‘Armadillo are lost from 
the basal end in ventral 
cells (arrowhead). (D, E, 
and G) Late stage 5: 
Disappearance of sub- 
apical Armadillo in ven: 
tral cells and first signs of 
apical localization of 
RhoGEF2 in cells with 
stillerounded surfaces 
[arrowheads in (€) and 
(G)}. (F) and (G)] Details 
of embryos shown in (8) 
and (© and in (D) and 


a 2 


(©, respectively [marked 
by brackets in (B) and 
(D)). (H to W Stage 6: 
Strong apical localization 
of RhoGEF2 and Arma- 
dillo in constricting cells. 
() Detail of ) and (Hi: 
Nonoverlapping localiza~ 
tion of Armadillo (con- 


Amado — 


t | 
4 
‘a y 


jp aes 


centrated at cell junctions) and RhoGEFZ (apical surface. [(K) and (L] Adherens junctions are apical 
throughout the mesoderm, including nonconstriting cells (arrowhead). (M to Q) Stage 6 T45~ mutant 
embryos (17) show reduced apical localization of RhoGEF2 [(N) and (Q)]. Armadillo relocalization and 
apical flattening occur [(0), arrowhead], but apical constriction és delayed. Black-and-white fluorescence 


images were color-inverted in Photoshop. 
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Jt M). Thus, T48 interacts with RhoGEF2 by 
means of its PDZ-binding motif and is able 10 
enrich RhoGEF2 to the plasma membrane. 

To understand the function of T48 during 
gastrulation, we studied the subcellular localiza- 
tion of RhoGEF2 and its dependence on T48 in 
the developing embryo, Before gastrulation, the 
apical surfaces of the blastoderm epithelium are 
dome shaped and the developing adherens 
junctions are located subapically, RhoGEF2 is 
associated with the basally located furrow canals, 
whereas Armadillo is found just below this site 
and at a subapical position of the lateral cell 


membranes (Fig. 2, A 10 C) (19, 20), 

Afier cellularization was completed, these 
distributions changed specifically in ventral cells 
(Fig 


2, B to E). Even betore morphological 
ges occurted, RhoGEF2 and Annadillo dis 
appeared from the basal ends (Fig. 2, A to C and 
F), Subsequently, Armadillo disappeared from its 
subapical site and accumulated apically (A) (Fig, 
2, D and G), A weak association of RhoGEF2 
With the apical plasma membrane was seen at this 
stage (Fig, 2, E and G), 

As cells began to flatien apically, high levels 
of both RhoGEF2 and Armadillo ‘d 
apically (8, 20) (Fig, 2, H to L), Althou 
oof the cell, 
ccell junctions, 


ied in the same reg 
restricted 10 th 
whereas RhoGEF2 was often more enriched 
between these sites (Fig. 2), Notably, 
of the adherens junctions occurred not only in 
constricting cells. but the more lateral 
mesodermal cells that fattened and. became 
stretched on their apical sides (Fig, 2K). 

To examine whether these processes depend 
on TAS, we stained lected TAN mutant 
embryos (/7), Loss of RhoGEF2 and Armadillo, 
the basil side was unaffected in these 


Fig. 3. Effect of Ca, Twist, and Snail on RhoGEF2 
and Armadillo. Sections of stage 6 mutant embryos. 
(A and B)_ Embryos derived from homozygous 
concertina? mothers. ( and D) Homozygous 
48” embryos derived from homozygous concertina 
mutant mothers. See fig. $6 for a more extensive 
documentation of the cta:748 mutant phenotype. 
{E and F) Homorygous twist ®® mutant embryos. 
(G and H) Homozygous snail mutant embryos 
(Of(2UTE116GW11). Fluorescent pictures were 
inverted. 
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embryos (Fig, 2, M and N), as was the apical 
concentration of Armadillo. The cells fattened 
apically (Fig. 20) and lengthened, but the absence 
‘of constrictions resulted in a thick placode rather 
than an indentation (Fig. 2, Pand Q). Localization 
‘of RhoGEF2 tothe apical membrane was slightly 
delayed and possibly reduced (Fig. 2, N and Q), 
“TAS therefore contributes to but is not essential 
for the recruitment of RhoGEF2 to the apical 
‘membrane, This is consistent with the observation 
that furrow formation isnot completely abolished, 
but only delayed or weakened. We therefore 
examined other mechanisms that might participate 
in RhoGEF2 localization, 

As in the ease of T48, mutations in the 
Cta pathway delay but do not abolish 3 
constriction and furow formation (4, 7). We 
therefore considered whether Fog Cta signaling 
ight cooperate with TAS to eenuit RhoGEF2, In 
‘embryos lacking Cia the recruitment of RhoGEF2 
\was weakened (Fig. 3B). Combining matations in 
‘ta ind TA resulted in much more notable effects 
(Fig, 3D), These eta, 48 embryos filed to make 
4 furrow; the lack of apical constrictions was 
mimored by a to accumulate RhoGEF2 
and fig. S6), Thus, TAS and 
1 actin parallel to concentrate 

2 apically, 
We also observed sev 


¢ defets in the be- 


havior of the adherens junctions in the doubke- 
mutant embryos. Armadillo staining disappeared 
from its tight subapical lo but didnot 


reaceurulate apically (Fig. 3C and fig. $6). Thus, 
movement of the junctions is not simply mediated 
by a tensile foree from the constricting actin 
eytoskeleton—an independent step of at Keast 


partial disassembly must occur We speculated 
that this might be controlled by Snail, which 
regulates the disassembly of cell junctions in 
Vertebrates. We found that the disassembly of 
Amdo from the subapical position was indeed 
blocked in snail (but not in nist) mutant embryos 
(Fig. 3, E and G). Thus, Snail acts in parallel to 
Twist to direct the disassembly of subapical 
junctions, a process to which curently unknown 
‘Twist targets may also contribute (SOM text). 

Having observed that T48 and Fog/Cta 
activation are required for the apical localization 
of RhoGEF2 and Annadillo, we tested whether 
T4S, like Fow/Cha signaling, was able to trigger 
their relocalization in other cells. Ubiquitous 
expression of T48 in the embryo led to a 
concentration of RhOGEF2 at the apical mem- 
bbranes of lateral cells (compare Fig. 4, A and B: 
fig. $7). Armadillo localization in ectodermal 
ls was no longer restricted to a distinct 
subupical domain but extended to the apical end 
fof the lateral membranes in many cells. When 
TAS was coexpressed with activated Cta, this 
effect was slightly enhanced, and some embryas 
showed morphological defects (fig. $7). 

With T48, we found a missing factor in the 
control cascade from transcriptional regulation by 
Twist to the cell biological mediators of furrow 
morphogenesis (Fig. 4, C and D). Two Twist 
targets, Fog and TAS, appear to act in separa 
pathways that converge on RhoGEF2, which i 
tegrates the signal to activate myosin and moxif 
the actin eytoskeleton (8, 9). Ourmodel shows the 
matemally supplicd RhoGEF2 as largely attached 
to microtubules by means of EBI (//), The onset 
of Twist expression has two effects. Fog is 


| 
matemat et 
S merouoves FPYe' 
T Phere f protic 
oes Tw Twist 
+ activated Concertina % Foo 
fil_Postulated Fog-receptor y 148 


Fig. 4. Induced relocalization of RhoGEF2 and Armadillo, and a model for the control of furrow 


formation. (A and B) Details of sections of the wild-type (A) and T48-overexpressing (B) embryos shown 


in ig. 57. (C) Model for T48 and Fog/Cta function during gastrulation. (D) Genetic hierarchy of the genes 


acting downstream of Twist in regulating adherens junctions and cytoskeletal rearrangements. 
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synthesized, which triggers the activation of Cta, 
This in tum releases RhoGEF2 fiom the micro- 
tubules that, by analogy to its vertebrate homologs, 
may bind to Cia through its RGS domain (/0), 
allowing some myosin activation and constriction, 
In parallel, T48 is synthesized and targeted to the 
apical membrane, where it acts to concentrate 
RhoGEF2 through its PDZ-binding motif. In 
the absence of Fog-mediated displacement of 
RhoGEF2 fiom EBI, T48 can probably still re- 
‘nuit sullicient fvely diffusible RhoGEF2 to allow 
slow constriction, Only when both mechanisms 
fail are the downstream events of constriction and 
junction reassembly abolished completely. 

The utilization of Gal2/13 proteins and a 
‘microtubule-bound RhoGEF have also been 1e- 
ported in vertebrate gastrulation (2/, 22), The ab- 
sence ofan obvious homolog of 78 in verte 
‘might sugges that this element ofthe control mnech= 
anism is unique to Dinsophila gastrulation. How 
‘ver, the PDZ-binding motif in Plexin-B1 is similar 
to that of TAS and acts during neuronal growth 
cone remodeling by reerviting PDZ-RhoGEF 
(2), Therefore, this. mechanism of controlling 
cll shape may operate ina variety of systems. 
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High-Throughput Identification of 
Catalytic Redox-Active 


Cysteine Residues 


Dmitri E, Fomenko,” Weibing Xing,? Blakely M. Adair, David J. Thomas,’ Vadim N. Gladyshev* 


Cysteine (Cys) residues often play critical roles in proteins; however, identification of their specific 
functions has been limited to case-by-case experimental approaches. We developed a procedure for 


high-throughput identification of catalytic redox-active Cys 


teins by searching for sporadic 


selenocysteine-Cys pairs in sequence databases. This method is independent of protein family, 
structure, and taxon, We used it to selectively detect the majority of known proteins with redox- 
active Cys and to make additional predictions, one of which was verified. Rapid accumulation of 


‘sequence information from ger 


jomic and metagenomic projects should allow detection of many 


additional oxidoreductase families as well as identification of redox-active Cys in these proteins, 


lative 10 other amino acids in proteins, 
RR seis ei ie 
erved and functionally important, Cys 
residues ertical to protein function are frequent- 
ly used at enzyme active sites: they may bind 
metals such as iron, zine, and copper: and they 
ay be subjected to posttranslational modifica- 
tions that regulate protein func 
proteins to a particular 1 ACys 
Pair may form a disulfide bond that stabilizes 
protein structure (/), ark! numerous additional 
roles of Cys have been described 
However, the presence of Cys in a protein 
sequence per se does not mean that this residue 


Department of Biochemistry, University of Nebraska, 
LUncoln, NE 68588, USA. *Curicalum in Toxicology, Uni 
etsy of North Carotina, Chapel Hil NC 27599, USA. 
Experimental Toxkology Division, National Heath and 
Erirnmental Efe Research Laboratory, US. Enon 
imental Protection Agency, Research Triangle Park, NC 
27709, USA. 

“To whom correspondence should be addressed. Email: 
valadyshevi@unledy 


A 


has a critical function, nor does it establish what 
that fiction might be. Analyses of Cys con- 
servation may help identify catalytic Cys, but 
nly for proteins with already known function 

4). Cys is chemically similar to seleno- 
cysteine (Sec), a rare but widely distributed 
amino acid encoded by UGA and known as the 
2st amino acid in the genetic code (-9). In 
functionally characterized sclenoprotcin fam 
lies, See is located in enzyme active sites and 
serves various redox functions, In addition, most 
selenoproteins have close homologs in which See 
is replaced by Cys. 

Selenoproteins are found in all three do- 
mains of life, but a given organism contains a 
relatively small number of these proteins. A 
core of about 20 selenoproteins is widespread: 
however, many organisms also evolved rare or 
lineage-specific selenoproteins. For example, 
methionine-S-sulfoxide reductase (MsrA) 0 
‘curs as a selenoprotein in green algae and a 
‘Cys-containing form in most other species (9), 
whereas the Cys-containing methionine-R- 
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sulfoxide reductase (MstB) evolved into a 
selenoprotein in vertebrates (70), Although See 
occurs only in several MsrA and MstB sequences, 
italigns with the catalytic Cys in other members of 
these proicin fimilics. Only the catalytic Cys 
aligns with Sec, whereas other Cys residues, such 
a the conserved Cys that serve as resolving 
sidues or coordinate zine, do not have See pars. 
‘Thus, identification of rare Sec-containing forms 
of MsrA and MsrB indicates the thiol-based 
redox function of these proteins, Moreover, it 
pinpoints the location of catalytic Cys in these 
protcin families. Similarly, the occurrence of rare 
‘Sce-containing forms of other protein families 
containing conserved C) 
redox functions of these families. 

We used this property of homologous Cys- 
‘Soe pairs to develop a procedure for large-scale 
identification of catalytic redox-active Cys in 
proteins. To idemtify Cys-Sce pairs, we analyzed, 
‘with thlastn (12), all Cys-containing. proteins in 
National Center for Biotechnology Information 
(NCBI) databases against NCBI nucleotide 
sequences to identify pains ofhomologous protein 
sequences, in which one sequence was a Cys- 
containing protein and the other was a candidate 
selenoprotein derived from a nucleotide seque 
translated in all six open reading frames (ORFs) 
{ie., Cys ina protein sequence aligned to TGA in 
translated nucleotide sequence) Fig, 1A), Using 
this procedure, we screened major nucleotide 
sequence databases, including completed. ge- 
niomes as well as environmental, whole-genome 
shotgun (WGS),anx expressed sequence tay (EST) 
sequences. Independently, blastp (//) searches 
‘were carried out to identify Cys-containing homo- 
Jogs of a manually compiled set of previously 
identified selenoproteins, The two data sets were 
then combined and clustered into protein faites, 
‘nx! a nonredundant set of Cys proteins in which 
«ach protein contained a predicted catalytic redox 
active Cys was developed, 
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Fig. 1. High-throughout prediction of redox-active cysteine residues. (A) 
Scheme illustrating the method used for prediction of redox-active Cys 
residues by homology to sporadic selenoproteins [2); U denotes 
selenocysteine]. MsrB is used as an example that illustrates the Cys-Sec 
pairs. (B) Model of evolution of proteins containing catalytic redox- 
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active Cys. Redox-active Cys residues are conserved during evolution. In 
some organisms, these proteins may evolve into selenoproteins such 
that Sec replaces the catalytic Cys. Detection of such Cys-Sec pairs could 
reveal redox function for the entire protein family (or subfamily) and 
indicate location of the redox-active Cys. 
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The set of proteins containing predicted 
redox-active Cys had 10,412 unique sequences, 
Which were organized into 40 protein families 
and superfamilies (Table 1 and table S1), Each 
sequence had a conserved Cys that comesponded 
toSee in at east one homolog found in any of the 
analyzed sequence databases. The functional 
diversity of the identified proteins exceeded the 
40 families, as some proteins with distinct 
functions belonged to the same family. For 
example, thioredoxins, protein disulfide isom- 
«erases, DsbA, DsbC, and DsbG were present in 
‘one eluster, athough each of these proteins has 

distinct function. The 10,412 Cys-containing 
soquences accounted for ~0.5% of the initial set 
of tested proteins and represented all completely 
sequenced genomes. The number of proteins 


found in a particular genome generally correlated 
\with the size of the proteome, although archaea 
had fewer such proteins than other organisms 
(igs, St and S2) 


We divided proteins represented by Cys 
See pairs into functionally characterized pro- 
ns and proteins of unknown function. Most 
nally characterized proteins detected in 
used redox-active 
W-based redox catal- 


D. paychrophita 
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23115027 D. hafaiease 
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B 
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Fig. 2. Arsenic methyltrans- 
ferases. (A) Amino acid sequence 
alignment of arsenic methyltrans- 
ferases (12). The alignment i joo 
limited to the region that cor 
responds to the active site and its 


flanking sequences. GenBank ac- °° 
cession numbers of sequences 2 
‘and organisms from which these = §° 
sequences are derived are shown at 
the left. Predicted Secare shaded in. 0 
‘red, the corresponding catalytic Cys. ® 
in blue, and the resolving Cys in 20 


‘green; conserved residues are in 
‘gray. (B) Domain structure of 9 
mouse AS3MT. The methyl- 
transferase domain contains a 
resolving Cys, whereas the redox- 


active CysSec is located downstream of this domain. (C) Activity of mouse 


thioredoxin (fig. $3), glutaredoxin (fig. S4), per- 
$5), and glutathione peroxidase 
‘S6). Many contained a CxxC motif two Cys 
separated by two residues) or motifs derived from 
it [eg. CxxS in arsenate reductase (fig. $7), 
TxxC in peroxiredoxin, and CxxT in glutathione 
pewosidase] (/2). A common property of the 
detected proteins was the use of a conserved 
nucleophilic redoxactive Cys residue, During 
catalysis, this Cys changes redox state 10 a 
disulfide (eg. in thioredoxin, ghstaredoxin, and 
AbpD) or a sulfenic acid intermediate (cg 
lutathione peroxidase. peroxiredoxin, MsrA, 


and MsiB). These observations suggested that 
the remaining Cyscontaining proteins detected 
in the search may also be redox proteins that use 
redox-active Cys residues. 

Conserved Cys residues are frequently 
used to coordinate metal ions (most often zine, 
n.and copper). However, such Cys were not 
present in our data set, Likewise, the data set 
had no proteins in which catalytic Cys residues 
carried out nonredox functions 
volved in posttranslational modifications or 
structural disulfides, Further analysis (table St) 
revealed that the identified proteins represented 


Table 1. Proteins identified in the searches for Cys-Sec pairs in homologous sequences. Each cell shows 
numbers of detected redox-active Cys-containing sequences (left) and numbers of Sec-containing 
‘sequences that support predictions of redox-active Cys residues (right). See also table $1. 


Proteins Bacterial Cys-Sec Archaeal Cys-Sec Eukaryotic Cys-Sec 
sequences sequences sequences 
Functionally characterized 
Proteins containing catalytic 62227363 27a 15149 
redox-actve Cys 
teins with predicted redox 
function and catalytic 20857256 399 315/360 
redox-actve Cys 
Total 8267619 316/30 18291554 


‘ated forms. MAs, monomethylated arsenicals; DAMAs, dimethylated ar- 


AS3MT and its Cys'®” — Ser and Cys*®” — Ser mutants. AS3MT catalyzes 
‘AdoMet-dependent methylation of inorganic arsenicals (As) to its methyl- 


senicals; TMA, trimethylated arsenicals. (D) Structural model of mouse 
AS3MT. Cys*°” and Cys**? are shown as ball-and-stick models. 
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essentially all known families of oxidoreduc- 
tases that earry out thiol-based catalysis. For 
example, both protein families that reduce 
methionine sulfoxides (MsrA and MstB) were 
detected, as were all known thiol peroxidase 
families. The data are consistent with the idea 
that the presence of Sec in a protein family, 
even if represented by only one or a few seleno- 
protein sequences, can indicate a redox function 
for the entire protein family and the location of 
redox-active Cys in proteins in this family. Sever- 
al detected proteins had multiple conserved 
Cys. For example, thioredoxin, glutaredoxin, 
and AhpD contained conserved Cys in the 
form of CxxC motifs, whereas peroriredoxin, 
MsrA, and MsrB had conserved Cys that were 
separated by variable distances. However, only 
those Cys that carried out catalytic functions 
(ea, attacking nucleophiles) were identified 
by the Cys-See pairs, whereas Cys that served 
supporting functions (e.g, resolving Cys) were 
not detected. We further disc 
tein families predicted to use ca 
active Cys. 

A Cys-See pair represented by five See- 
containing sequences and numerous Cys 
containing homologs revealed. a redox-active 
Cys in S-adenosylmethionine (AdoMe 
dependent methyltransferases (Fig. 2A). Howev= 
«ef, only some members of this superfamily had 
Cys inthis position. We constructed a phy= 
Fogenetic tree and found that the methyltrans- 
{orases containing the predicted redox-active Cys 
clustered and were present in both prokaryotes 
and eukaryotes. Thus, a peotein family within a 
superfamily of AdoMetdependent methyltrans- 
forases contained a catalytic mdawactive Cys 
Analysis of gene neighborhoods of bacterial 
mcthyltransferase wenes revealed a functional 
Tink to arsenic detonitication, 

In the detected methyltransferases, the 
dicted redox-active Cys was located in a C- 
terminal portion of the protcin downstream of 
the common methyltransterase domain (Fig. 
2B). In addition, nzymes had a second 
conserved Cys residue. The common mamma 
Jian homolog of the detected methyltrans erases 
is known as arsenic (+3 oxidation state) methyl- 
transferase (AS3MT) (/3, 14). The production 
‘of methylated arsenicals in reactions catalyzed 
by AS3MT requires a reductant (15), Earlier 
studies with recombinant rat AS3MT found that 
the replacement of Cys'** 
‘of catalytic activity (76). However, the Cys-See 
pair predicted that a different Cys: donates the 
reducing equivalents to arsenic during the 
methybation reaction, We cloned the mouse 
AS3MT homolog and prepared Cys!S7’ — Ser 
(comesponding tat Ce) and Cy”? — Ser 
mutants. Both proteins were completely inac- 
tive, whereas the wikl-ype form efficiently con- 
verted inorganic arsenicals to monomethylated, 
dimethylated, and trimethylated forms (Fig. 2C), 
“These data verified the fumetion ofthe predicted 
redax-active Cys in arsenic methylation. We 
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modeled the structure of mouse AS3MT (Fig. 
2D). In the model, the active-site C) 
surface-exposed and protcin topology. sup- 
ported the formation of an intramolecular di- 
sulfide during the catalytic eyele. 

Predicted redox-active Cys were also found 
in other protein families, such as HesB-like (lig, 
S8), whose homologs participate in the bio- 
synthesis of iron-sulfur proteins (7), DsrE (fi. 
‘S9), small soluble protein fit identified as part 
Of the bacterial dscABEFHCMK gene cluster 
(8; a subfamily of glutsthione-S-ransferases 
(19) (lig. S10}; four families within the super- 
family of rhodanese-like sulfurtransferases (20) 
(fig. S11); MoeB (fig. S12), which is thought to 
regenerate a thiccarboxylate group at the C 
teminus of MoaD in the molybdopterin synthase 
complex (2/); heterodisulfide reductases (2. 
(lig. S13. and other proteins (figs. S14 to S19). 

‘We examined the sequences that flank Cys- 
‘See pairs and found that a second Cys is offen 
present in the vicinity of the redox-active Cys 
(fig, $20), In particular, a CxxC motif was 
abundant in the dataset. Either the first or sccond 
Cys in this motif could serve as a redox-active 
residue. In addition, an increased frequency of 
glycine residues was found both upstream and 
downstream of the redox-active Cys. By contra, 
negatively charged residues were extremely rane 
around the redox-active Cys and were absent in 
positions ~3, +1, and °2 relative t0 the Cys 
Analysis of secondary structures. either for the 
eenire set of proteins oF for non-thioredoin-fold 
proteins (because thioredoxin-fold was the 
dominant fold in the data sed), revealed a high 
frequency of f strands upstream and a. helices 
downstream of the redox-active Cys. The Cys 
itself wats most often present in loops (fig. S21). 
This distribution held for both thioredoxin-fold 
and non-thioredoxin-fold proteins. 

It is remarkable that the searches for Cys- 
See pairs in homologous sequences could so 
sekctively identify proteins with catalytic radox- 
active residues and filter out not only nonfine 
tional Cys but abo conserved Cys that do not serve 
‘catalytic redox fiction. Although this procedure 
seketed only 0.5% of the initial sequences, it 
identified the majority of known families that use 
catalytic redox-active Cys, Oursearch strategy was 
not limited to organisms that contained sclenopro- 
teins, Morcover, it was sullicient to identify a 
single selenoprotein sequence (even if it was 
resent as a hypothetical sequence from an 
unknown source, such as a metagenomics project) 
to predict a redox function for the entire family of 
_Protcins homologous to this selenoprotein. Arsenic 
methyhransferase provides a good illustration of 
this idea Its Sec-containing sequences were 
detected in environmental soil sequences from 
Minnesota farm (23), yet preictions of occurrence 
and location of redox-active Cys could be made 
for the entire protcin family, which occurs in 
‘organisms from bacteria to mammals. 

‘Our view on the evolution of Cys-See pairs is 
illustrated in Fig. 1B. In this model, most 
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selenoproteins evolve fiom their redox-actii 
(Cys-containing homologs. To be selected during 
cvolution, Sec must provide substantial advan- 
tages, as its use also results in disadvantages (slow 
‘Sec insertion, dependence on selenium, sensitivity 
to oxidation reactivity, and side rections of Sex) 
(10), Ths, the Cys-to-Sec changes occur only in 
situations in which the catalytic properties of Sec 
are maximized, as isthe case in redox proteins, 
The major advantages of our method are its 
simplicity and strong predictive power. Redox- 
appears to be unique in that it could be 
ly identified, whereas other Cys (such 
wolved in nonredox catalysis, structural 
disulfides, posttranslational modifications, and 


metal binding) could be filtered out. The set of 


Predicted redox. proteins described here should 
form the basis for further experimental verifica- 
tion, Increased availability of sequences, particu 
larly fiom completed genomes and environmental 
Projects, should further increase the predictive 
power of our method and lead tothe identification 
cof additonal redox-active Cys, 
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Balanced Inhibition and Excitation 
Drive Spike Activity in Spinal 


Half-Centers 


Rune W. Berg,? Aidas Alaburda,? Jorn Hounsgaard** 


‘Many limb movements are composed of alternating flexions and extensions. However, the 
underlying spinal network mechanisms remain poorly defined. Here, we show that the intensity of 
synaptic excitation and inhibition in limb motoneurons varies in phase rather than out of phase 
during rhythmic scratchlike network activity in the turtle. Inhibition and excitation peak with the 
total neuron conductance during the depolarizing waves of scratch episodes. Furthermore, spike 
activity is driven by depolarizing synaptic transients rather than pacemaker properties. These 
findings show that balanced excitation and inhibition and irregular firing are fundamental motifs 


in certain spinal network functions. 


he prevailing halfcenter moll for rhythm 
| genentting motor circuits in the spinal 
cord. proposes that excitatory. intemeu- 

rons in each halfecenter drive agonist mot 


Fig. 1. Inhibition and exci- 
tation covary in motoneu- 
rons during scratching. (A) 
Hip flexor nerve activity 
and (B) intracellular record- 
ing from a motoneuron dur- 
ing scratch episode. (C) The 
smoothed traces of three 
consecutive trials at three 
different levels of constant 
holding current (from t 
+10, 0.0, and ~1.0 nA). 
(D) The mean total conduct- 
ance (Guus) in blue was est 
mated from the records in (C) 
a the slope of the curent- 
voltage plot at different times, 
a illstrated in (), Gj and 
Gq were extracted from the 
equation (blue bow and from 
Ohm's law (13), as shown in 
(© for the two time points 
marked in (D) with a circle 
and a triangle, respectively. 
(F) Relation between normal- 
ized increase in inhititory 
‘and excitatory conductance 
(8G¢ and AG) during scratch 
episodes in (0) (G to D Pop 
ulation data of coherence 
betiveen inhibition and exci 
tation. Blue arrows represent 
single trials, and red arrows 
the trial average, for a single 
ell (G), weighted average for 
all cells (H), and weighted 
average for cells in. which 
voltage-sensitve conductances 
‘were reduced by QX314 and 
Cs" in recording electrodes (). 
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half-cemter (I-5), This reciprocal arrangement 
predicts half-center neurons to be excited and 
inhibited in altemation during rhythmic network 
activity. Temporally segregated excitation and 
inhibition would pennit spinal motor networks 
to operate at low intensity of synaptic activity 


1-4-0 


(ig. S1). Low conductance would facilitate the 
contribution of the intrinsic response properties 
of postsynaptic neurons to cell and network dy- 
namics (6-9. We tested these predictions 
directly by intracellular recontings from moto- 
neurons during scratchlike network activity in 
an isolated carapace-spinal cord preparation 
fiom adult turtles 

‘Stereotypical episodes of scratchlike network 
activity can be evoked by mechanical sensory 
stimulation in the isolated carapace-spinal cod 
preparation from adult tunes (10-12), To probe 
the neuronal onganization of functional network 
activity, we first examined the origin of the 
periodic high-conductance state reported in 
‘motoncurons during seratch episodes (12), The 
periodic nerve activity recorded in parallel from 
the ipsilateral hip Nexor nerve (Fig. 1A) served 
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as reference for optimal temporal alignment of 
seraich episodes (73). The membrane potential 
Vn was recorded intracellularly from motoncu- 
rons (Fig. 1B) at different levels of holding cur 
rent during sucvessive scratch episodes (shown 
smoothed in Fig. IC). With the simplifying 
assumptions proposed by Bon-Graham et al 
(U4), the average total conductance (Gye) and 
the underlying average excitatory and inhibitory 
conductances (CG, and Gi) were estimated from 
smoothened, aligned records as illustrated in 
ig. 1E [see (13-16), In the cell illustrated and 
in all cells examined (11 16), not only Goes but 
also Ge and G, peaked with each depolarizing 
wave during scratch episoxes (Fig. 1, € and D). 
‘The increases in nonmalized inhibitory and 
excitatory conductances were closely correlated 
(R= 086, P << 0.05) (Fig. 1F). Polar plots of 
the vectorial expresion of the coherence be 
tween Ge and Gj during eyelic depolarizations 
clustered near a 0° phase lag for successive 
episoxks (Fig, 1G for the cell in Fig. 1. Aw D, 
IH for all 157 episodes in 16 cells, 
Nonsynaptic K* conductance reruited during 
depolarizing waves would contribute to the in- 
creased (16, 17). This was not a major factor, 
however, because high-conductance states and 
the coherence between Ge and Gi remained in 
13 additional motoncurons in which spiking 
was climinated and K" conductance was re 
duced by using recording electrodes containing 
QX314 and CsCI (Fig, I and fig. $2). The re= 
maining explanation is that there is strong 
inhibitory synaptic activity during the depolariz- 
ing phase of the serateh, 

‘To investigate this possil 
tion was reduced pharmacologically (Fig. 2) 
Both amplitude and duration of the depolariz- 
ing waves increased) when inhibitory. synaptic 
input to the recorded motoneuron was reduced 


by addition of the glycine receptor blocker 
strychnine (0.1 mM) to the superfusate (Fig. 2) 
(n= 5), This shows that the depolarizing waves, 
during scratching are limited by ongoing synap- 
tic inhibition. 

Balanced increase in excitation and inkibi- 
tion perturbs the regular fining mediated by in- 
trinsic response properties (/8, 19). We therefore 
investigated the relative role of synaptic and in- 
trinsic conductances on the firing pattern during 
depolarizing waves of scratching. Fist, the reg- 
ular firing in motoneurons, induced by a steady 
depolarizing current in the absence of network 
activity (purple in Fig. 3A), is langely deter- 
mined by the intrinsic response properties. Suc- 
cessive action potentials (APS) are connected by 
the smooth voltage trajectory produced by spike 
afier-hyperpolaizations (20). In contrast, firing 
is highly imegular during the depolarizing waves 
fof scratch episodes (Fig. 3A, blue trace: eo 
eflicient of variation range, 0.43 0 1.2, n = 6), 
and the membrane potential undengoes rapid 
Aluctuations between spikes (blue trace in Fig, 
3A; sce alo Fig. 4 and fig. S3). Spike-trigecred 
averaging revealed that APS during imegular 
firing are preceded by a brief depolarizing tran- 
sient arising from a flat average voltage trajec- 
tory (Fig. 3B, blue; n= 7; sce also fig. $3) in 
contrast to the smoothly depolarizing pacemaker 
potential during regular firing (purple). Thus, 
iregular firing is induced by depolarizing 
synaptic transients in the high-conduetance state 
during network activity. A possible source of 
these transients is a high incidence of uncore- 
lated excitatory and inhibitory synaptic events 
(19, 21), We tested the sensitivity of imegular 
firing during seratch episodes to successive 
reductions in synaptic inhibition and. synaptic 
excitation (Fig. 3, € to E). During scratch in 
control conditions (Fig. 3C), inegular firing (left 


| — connet | 
| — Stychnine 
ae, ea | 


Fig. 2. Depolarizing waves enhanced by local reduction in inhibition. (A) Depolarizing waves in 
‘motoneuron (blue) enhanced by reduced inhibition during superfusion with stychnine (red). (B) Single 


wave highlighted. 
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and middle) was revealed by the lack of cor 
relation between the th interspike interval (1S1) 
plotted against the (n + Ith ISI (right) (R-< 0.2, 
n= 6) (22), Reduced local inhibition (0.1. mM 
strychnine) rendered firing less imegular (Fig. 
3D). Finally, regular firing with highly corrclated 
ISls was induced by a combined local reduction 
of inhibition and excitation (0.1. mM strychnine 
uM. 6-cyano-7-nitroquinoxaline-2, 

g. 3E, bottom) [spiking during 1 
Jow-amplitude depolarizing waves aided by 
1.0 nA depolarizing hokling current (R = 0.56, 
P< 005)). These conditions also reduced the 
amplitude of the rapid synaptic fluctuations 
‘membrane potential to a minimum. We assume 
that the remaining low-amplitude depolarizing 
‘waves reflect the attenuated synaptic project 
fiom network neurons located far enough below 
the cut surface to be unaffected by the receptor 
antagonists. 

Our conclusion, that motoneurons are driv- 
en by a balanced increase in excitatory and 
inhibitory synaptic activity, is supponed by 
previous theoretical and experimental findings 
in other systems, The bakinced state hampers 
regular firing by increasing conductance and pro- 
motes imegular firing by increasing uctuations in 
membrane potential (2/, 23-25) In turtle mo- 
oncurons, regular firing driven by intrinsic re= 
sponse properties is severely obstructed by a 
conductance inerease of the magnitude observed 
during the depolarizing waves of seratch epi- 
sodes (/2). At the same time, however, the 2- to 
$-fold inerease in conductance that brings the 
‘membrane potential near threshold for a 
potentials is associated with a parallel inerease 
in the amplitude and frequency of voltage fuc- 
‘wations and a more than 20-fold increase in 
tegrated power spectrum in the 25- SO-1lz band 
(Fig. 4) (26). The broad spectral content asso~ 
ciated with the rhythmic activity is fully in tine 
‘with predictions for a state of intense and bal 
anced inhibitory and excitatory synaptic activity 
(16, 19, 21, 24) and orders of magnitude higher 
than expected for channel noise (27), The par- 
allel increase in conductance and fuctuations 
in membrane potential during depolarizing waves, 
observed in all experiments analyzed (1 = 
is incompatible with high-conductanoe states 
diated by a slow intrinsic conductance change. 

The spinal network studied here shares sev- 
cal properties with the balanced state in mathe- 
‘matical models of large-scale random networks 
of inhibitory and excitatory neurons (28, 29). AF 
though the overall motor nerve activity showed 
litle variation in suacessive seratch episodes, the 
pattem of impulse activity in individual moto- 
ncurons did (fig. $5) (n ~ 10), The raster plots of | 
the spikes generated in a motoncuron during 
seven consecutive trials showed no relation 
between number and timing of APS during de- 
polarizing waves within the same trial or be- 
tween successive trials (Fano factor ~ 1) (sce 
fig. S5). This suggests that the scratch network 
in the spinal cord produces stereotypical mo- 
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Fig. 3. Regular firing by intrinsic 
Properties at rest, irregular firing by 
synaptic transients during network 
activity. (A) Regular firing in moto- 
neuron at rest (purple) replaced by 
‘regular fring during network aciv- 
ity (blue) induced at the onset of 
mechanical stimulus (vertical arrow. 
(B) Spikes triggered by pacemaker 
potential at rest and by depolarizing 
Aransient during network activity. 
Spike triggered averaged spikes with 
50 ms ISis at rest (n = 50, purple) 
and during network activity (9 = 30, 
blue). (C to E) Increasingly regular 
firing (lef and correlated {Sts (right) 
during seratch in controt (©), reduced 
inhibition (0), and reduced inhibition 
and excitation (E).Aligned recordings 
from hip flexor nerve (black) and 
motoneuron (blue) during scratch 
‘episodes (left). Highlighted depolar- 
izing wave (middle). Relation be- 
tween successive 15s lin + 2th 
versus nth ISI] during depolarizing 
waves (right), 


some 


ome 


0m 


>» 


Fig. 4. The intensity of synaptic fluctuations 
ovaries with conductance and depolarizing 
waves during scratching. (Upper trace) Sample 
intracellular recording obtained with -25 nA 
holding current. (Middle trace) Guna obtained a5 
in Fig. 1C. (Lower trace) The integrated 25- to 
80-Hz band power spectrum of the subthreshold 
membrane potential. 


tor episodes in a nondeterministic way with- 
‘out repeating the spike patterns of individual 
neurons. This is in agreement with the chaotic 
nature of the balanced state in mathematically 
modeled networks in which the activ 
ividual neurons ix stochastic and highly 
sensitive to initial conditions (29). Adopting a 
half-center model with balanced inhibition 
and excitation may help us to understand the 
robustness of the spinal scratch generator, its 
sensitivity to extemal input, and its ability to 
self organize in response to transient sensory 
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stimuli, The high-conductance state, how- 
ever, sacrifices the temporal dynamics offered 
‘by models based on weakly coupled neurons 
With oscillatory intrinsic properties (6, 7). It 
remains to be seen whether high-conductance 
states occur throughout the scratch network or 
only in the motoneurons and large intemeu- 
rons (2), 

Our study suggests that balanced states 
of inhibitory and excitatory synaptic activ- 
ity did not evolve with higher brain function 
(14, 19, 23, 24, 30) bout were already present 


‘with fimetional motor networks in the spinal 
cond. The straightforward functional comelate 
and absence of anesthetics and other drugs 
makes our experimental model appealing. in 
the search for computational advantages that 
balanced inhibition and excitation may pro- 
‘vide in large-scale neural networks in general. 
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The Default Network and 
Stimulus-Independent Thought 


Malia F. Mason,1*§ Michael |. Norton,” John D. Van Horn,*t Daniel M. Wegner,” 


Scott T. Grafton, C. Neil Macrae* 


Despite evidence pointing to a ubiquitous tendency of human minds to wander, litle fs known 
about the neural operations that support this core component of human cognition. Using both 
thought sampling and brain imaging, the current investigation demonstrated that mind-wandering 


with activity in this network. 


tion only when some task requires attention? 
Everyday experience challenges this account 
‘of mental life. In the a 
quites 
ally tenls to Wa 
the next wi and ease (/, 2). Given the 
ubiquitous s phenomenon (3), it has 
been suggested that mind-wandering 
psychological baseline from which people d 
part when attention is required elsewhere and 10 
Which they return when tasks no require 
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associated with activity in a default network of cortical regions that are active when the brain is 
‘at rest.” In addition, individuals’ reports of the tendency of their minds to wander were correlated 


conscious supervision (4, 5), But how does the 
brain spontancously produ 
and feelings that constitute sti 
ht (SITY? 


thoughts, 
independent tho 


We investigated whether the default 
network—brain regions that remain 
during rest periods in funct 


mpi 
ult network ism 


experiments (6)--is 
7), The de 
disrupted during passive sensory processing and 
attenuates when people engage in tasks with 
high central executive demand (8, 9), which 
matches precisely the moments when the mind 
is most and least likely to wander (2, 4, 5), We 
thus trained individuals to become proficient on 
tasks (/0) so that their minds could wander when 
they performed practiced versus novel task se- 
quences (//). Although previous research has 
‘compared brain activity during rest to that during 
engagement in a task (/2), the present investiga- 
tion assesses directly both the production of SIT 
and activity in the default network during tasks 
that allow for varying degrees of mind-w 

Despite its 
Wander to the same d 
stable differences in their propensity to produce 
SIT (1, 3). If regions of the default network un- 


wanderin, 
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derpin the mind's wandering, then the magnitude 
of neural activity in these regions should track 
with poople’s proclivity to generate SIT. Specif: 
ically, individuals who report frequent mind- 
should exhibit greater reeruitment of 
ult network when performing tasks that 
ed with a high incidence of SIT 


1. Graphs depict regions of the default 
network exhibiting significantly greater activity 
during practiced blocks (red) relative to novel 
blocks (blue) ata threshold of P < 0.001, number 
of voxels () = 10. Mean activity was computed for 
each participant by averaging the signal in 
regions within 10 mm of the peak, across the 
duration of the entire block. Graphs depict the 
mean signal change across all participants. (A) 
Left (L) mPFC (BA 9;—6, 54, 22); (B) Bilateral (B.) 
cingulate (BA 24; 0, ~7, 36); (C) Right (R.) insula 
(45, -26, 4); and (0) L. posterior cingulate (BA 
23731; -9, -39, 27). Activity is plotted on the 
average high-resolution anatomical image and 
displayed in neurological convention (left hemi- 
sphere is depicted on the left. 
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To investigate the relation between default 
network activity and mind-wandering, we first 
established high-incidence mind-wandering pe 


riods by train 
and visuospatial working 
1 to 4), then verified that these frequent mind: 


participants on blocks of verbal 
memory tasks (days 


wandering periods were associated with in. 


creased default network recruitment as scen with 
tie resonance imaging (MRI) 
ced participants’ pat 
of default network activity to their self 


functional m: 
on day 5. Finally, we rel 


temi 


reported propensity to generate SITs (13). 

On day 4, 
thoughts participants classified as SIT varied 
by block type (baselin 
FQ, 4)= 81.49, P 
4 greater proportion of SIT during the baseline 
blocks (mean = 0.93; SD 
both practiced blocks (mean 


the proportion of sampled 


0.16) than durin 
0,32, SD = 0.20), 


117) = 9.22, P< 0001, and novel blocks (mean 
0,22, SD = 0,18), (17) = 10.96, P< 0.01, Par 
ticipants reported a significantly greater propor 


tion of SIT dur 
during the novel blocks, 417) 
despite the fact that the 


the practiced blocks than 
21, P< 005, 


ks were identical 


Thus, periods of reduced central executive 
demand were associated with a greater incidence 
of mind-wandering 

On day 5, we performed functional imaging 
We first functionally defined the default network 
by comparin 
with baseli 


the BOLD response associated 


an 
par 


associated with task periods (ie. novel 


practiced working-memory tasks). This 


ison revealed significantly greater recruitment 
rest in a distributed network of regions that in. 
cluded aspects of the posterior cingulate and the 
precuneus [Brodmann areas (BAs) 23 and 31), 


Fig. 2. Graphs depict regions that exhibited a 
significant positive relation, (14) > 0.50, P < 
0.05, between the frequency of mind 
wandering and the change in BOLD signal 
observed when people performed practiced 
Felative to novel blocks. Participants’ BOLD 
difference scores (practiced — novel) are 
plotted against their standardized IPI day 
dreaming score. BOLD signal values for the 
two blocks were computed for each participant 
by averaging the signal in regions within 10, 
mim of the peak, from 4 TRs (10 s) until 10 TRs 
(2255s) after the block onset. (A) B. mPFC (BA 
10;—6, 51, -9; k= 25). (B) B. precuneus and 
p. cingulate (BA 31, 7; 3, -45, 37; k = 72). 
(© R. cingulate (BA 31; 7, ~21, 51: k = 73). 
(D)L insula (BA 13; -36, “16, 17; k= 10). (E) 
R. insula (BA 13; 47, 0, 4; k = 13). Activity is 
plotted on the average high-resolution ana- 
tomical image and displayed in neurological 
convention (left hemisphere is depicted on the 
left 


cortices (BAS 40 and 39, 
he cingulate (BA 24), and 
aspects of both ventral an 
frontal cortex (mPFC) [BAs 6, premotor and 
supplement we frontal 
eye field; 9, dorsolateral preffontal cortex; and 


the posterior later 
the insular cortices, 


dorsal medial pre 


or conten; & inch 


10, fromtopolar area (most rostral part of superior 


and middle frontal gyri] (8, 9 {table St (/3)) 


To determine whether a relation exists be 


tween the default network and mind-wandering, 


we investi 
function 
funet 
wh 


of block 


pa 
incidence SIT periods) blocks to activity during 


performed practical 


novel (ic, low-incidence SIT periods) blocks 


(13). Default network recruitment was 
during high-incidence SIT periods. Ri 
the default network that exhibited 


of 


during these periods included bilateral aspects of 
the mPFC (BAS 6, 8 9 
petior frontal gyri (SFG: 


arnd 10), bilateral su 
BAs 8 and 9): 1 


anterior cingulate (BA 10); bilateral aspects of 
the posterior cingulate (BAs 29 and 30) and 
precuncus (BAs 7 and 31); the left angular gyrus 


(BA 39); bilateral aspects of the insula (BA 
smporal (BA. 2 
al (BA 41) and the 


{and tab 


No single default network 
+ activity during 


region exhibited 


Jow-incidence SIT pe 


are consistent with the 


riods. These findin 


hypothesis that the tonic bserved in the 
It network dur 
associated with mind-wa 

If eccruitment 
ing tasks with low 


def 


of the default network dur 


processing demands reflects 


mind-wandering (rather than some other psy 


wwusciencema 


wes in default network 


practiced relative to novel 


chological process), chan 
BOLD activity dur 
blocks should be related to individ 
propensity to wander. Voxel-wise correlations 


were conducted on panicipants” standardized 


score on the daydream frequency scale of the 


awinal Processes Inventory (IPI) (/4) 
their practiced relative to novel contrast ima 
{threshold at r(14) > 0.50, P< 0.05} (table $3). 
Results revealed a significant positive relation 


between the frequency of mind-wandering and 
the change in BOLD 
participants performed 
novel” blocks in several 1 
right SFG (BA X; 12, 48, 
bilaterally (BA. 10; -6, SI 

of the cingulate (BA 31; 7, -21, $1) and neigh: 
boring precuncus (BA 31/7; 3, 45, 37), and the 
lefl (BA 13; -36, -16, 17) and right insula (BA 
13; 47, 0, 4) (Fig. 2), No region of the detiult 
network exhibited 


observed when 
relative to 


‘practiced 
ons, including the 
the mPFC, 
9), bilateral aspects 


36), 


tion with daydream frequency scores at this 


threshold, 
We proposed tha 

2 psycholog 
when the 


mind-wanderi 


tutes baseline that emerges 


in is otherwise unoccupied, sup. 
ported by activity in a default network of cortical 
s. Results demonstrated that reductions 


processing demands, that is, performing prac 


us novel sequences of otherwise idem 
tical tasks, were accompanied by incr 
both the generation of SIT and activity in the 
default network. Furthermore, the magnitude of 
BOLD increases that partici 


is exhibited as 


they were able to generate increasing levels of 
SIT was positively correlated with their self 
reported daydreamin Other te 
for default 


propensities, 


search provides further evidence 


network involvement in the production of SIT. 
First, damage to parts of the network (ez.. 
mPFC) is associated with "mental emptiness” 
and an absence of spontancous speech and 
thought (/5). Second, aging is associated with 
the development of plagues in default network 
rogions and a corresponding reduction in SIT 
(16, 17), Taken together, these findings provide 
converging evidence for the role of the default 
network in mind-wandering 

Of course, mind-wandering is not the only 
cognitive process that ensues when tasks cease 
to require conscious supervision. Reductions in 
task difficulty are also likely accompanied by 
{qualitative changes in attention and, perhaps, the 
implementation of general “housekeeping” 
functions (18). It is likely that activity in the 
default network is associated with a range of 
‘cognitive functions. For example, although we 
interpret results from our correlational analyses 
fas evidence that cortical regions in the default 
network play a general wle in the proxtuction of 
SIT, it is possible that some of these regions 
mediate the metarawareness of SIT (19), such as 
the insular cortices, which subserve interocep- 
tion and self-awareness (20, 21), and regions of 
the mPFC, which are involved in sel-referential 
mental activity (22, 23), In tight of behavioral 
evidence suggesting that people are frequently 
lunaware that their mind is wandering (79, 24), i 
may be the ease that the daydream frequency 
seale (/4) used in the current investigation 
assesses people's awareness of their mind's 
\Wanalering rather than their propensity to engage 
in SIT. 

‘The purpose of the current inquiry was to ex- 
‘plore how and when the mind generates SIT. A 
more intractable question, however, is why these 
thoughts emerge at all, What és the functional 
significance of a system that wanders from its 
‘current goals (25Y? One possibility is that SIT 
‘enables individuals to maintain an optimal level 
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of arousal, thereby facilitating performance on 
mundane tasks (4). A second possibility is that 
SIT—as a kind of spontancous mental time 
travel—lends a sense of coherence 10 one’s past, 
‘present, and future experiences (26-29), Finally, 
the mind may generate SIT not to attain some 
extrinsic goal (eg., staying alert) but simply 
because it evolved a general ability to divide 
attention and to manage concurrent mental task. 
‘Although the thoughts the mind produces when 
wandering are at times useful, such instances do 
not prove that the mind wanders because these 
thoughts are adaptive; on the contrary the mind 
may wander simply because it can. 
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Tsicute (website: hetp:/ /www dukeeye-ork/ 
research). We arc looking for mid-career inves- 
‘gators with an outstanding record of accomplish- 
cnt in eye esearch and-an established finding 
record. Within this broad scope, rescarch arcs in 
‘ding but not limited to the following are of se 
{al interest ocular electrophysiology., application 
‘of modern imaging techniques to studying call br 
‘logy, and neuroprotective meshanian inthe retina 
ganglion cal 

“Applicants should send curriculum vitae, names of 
four references, and a bret letter of crest and pro 
gammatic intrests to” David L. Epstein, MDa, 
‘Ghairman, c/o Wendy Morris, Duke University 
Eye Center, ?.0. Box 3802, Durham, NC 27710, 
of by e-mail: morr19@medukesed. Duke Ui 
vey a Afi An, peal Onyotnity Ego 
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Mareen acre 
ASSISTANT/ASSOCIATE PROFESSOR 
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plantation at the University of Minnesota Medical 
phase I-11 cancer clinical trial 
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Director of Division of Hematology, Oncology, and 
Teac 
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POSTDOCTORAL POSITIONS saible «0 
szudy antigen precotation and to develop sel 
unotherpy and vaccines against tumor Esper 
nce in gene qanser and immunology, eapecall 
‘Endehicecls Blogy, mouse mods, stl Aly vec 
Sec or De Soe Hum (ood: dangetcn. 
‘Senseo: De Xe F. Huang ange. 
edu), Center for Cell and Gene Therapy, Baylor 
Gotege of Medicine, Houston, TX 77030 
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Health Scientist Administrator 
National Institute of Dental and Craniofacial Research (NIDCR) 


‘The National Institute of Dental and Craniofacial Research (NIDCR), National Institutes of Health (NIH), Department of Health & Human Services 
(DHHS) is seeking applicants for a supervisory Health Scientist Administrator position in the Center for Integrative Biology and Infectious Diseases 
(CIBID). ‘The position advertised is for the Chief of the Translational Genomics Research Branch. The Branch coordinates the development and 
implementation of the NIDCR extramural basic and translational genomics research program related to NIDCR-relevant human and microbial genetics 
and genomies. To this end, areas of basic and applied research in the NIDCR mission include: infectious diseases such as dental caries and periodontal 
diseases, microbiology, molecular and celular neuroscience, developmental biology, mineralized tissue and salivary gland physiology, immunology and 
immunotherapy, epithelial cell regulation and transformation, aswell as biomaterials, biomimetics and tissue engineering, and behavior, health promotion 
and environment, In addition, there are cross-cutting programs involving clinical trials and comprehensive centers of discovery. 


The incumbent will direct and oversce the administration of a portfolio of rescarch projects employing translational genetics and genomics research 
strategies targeted to NIDCR-relevant diseases and will stimulate interest in and provide advice to the extramural community regarding the respective 
research portfolio, In addition, the ineumbent will participate in funding decisions, policy development, as well as implementation and coordination with 
‘other programs both within and ouside of the NIDCR. 


The salary range for this position is $107,521 to $139,774 per annum, commensurate with qualifications and professional experience, full benefits 
Package is available, which includes retirement, Thrift Savings Plan participation, health, life and long-term care insurance. 


Applications will be accepted through February 15, 2007. For qualifications required, evaluition eriteria, afi application instrictions, view the vacancy 
‘announcements at: http:/fobsearch.usajobsopm.govia9nih.asp . Refer io announcement # NIDCR07-162498-DE or NIDCR-07-162738-MP. Please 
contact Elan Ey at 301-594-2320 or eye/@ mail.nih.gov if you have questions. 


wa 


TENURE TRACK POSITION 
LABORATORY OF CELLULAR AND MOLECULAR BIOLOGY 


Esai 


Fellow in Translational Chemistry and Genomics 


The Oncogenomies Section of the Pediatric Oncology Branch, 
at the Center for Cancer Research, National Cancer Institute, 
[National Institutes of Health, has a Research Fellow position in 
(Chemistryavailable immediately. The NCI in collaboration with 
the University of Maryland College Park, and NASA Goddard 
Space Flight Center, have recently launched an interdisciplinary. 
NanoBioSensor Initiative to develop electronic sensors to detect 
‘nucleic acids, biomolecules and chemicals, The candidate should 
old a Ph.D. and have experience in oligonucelotide chemistry 
jand synthesis.as well as considerable interest in molecular] 
and cellular biology. The position involves 50% service and 
50% research components, The successful applicant would be 
expected to interact with biologists, physicists and engineers 
and thus, excellent oral and written communications skills are 


The Laboratory of Cellular and Molecular Biology (LCMB), Center for Cancer 
Rescarch, of the National Cancer Institute, National fsttutes of Health (btp/ 


transduction processes. Areas of potential interest include but are not restricted 
tothe role of signaling pathways in stem cell biology, inflammation and catcer, 
lor malignant transformation. The applicant should hold a Ph.D, M.D. or 


Secretary, Laboratory of Cellular and Molecular Biology, CCR, NCI, Building 
37, Room 2066, Bethesda, MD 20892-4256; phone: 301-496-9683. Fax: 301- 
496-8479, eomil: broedloveeda mailnih gov. Candidates mast be U.S. citizens 
Jo permanent residents. NIH Tenure track investigators with educational debts 
may be eligible for the NIH Loan Repayment Program. The NCI is an Equal 
Opportunity Employer. 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


required. Correspondence, names of references and CV should 

be sent to: 

Dr. Javed Khan, Advanced Technology Center, yal 

‘Cancer Institute, Room 134E, 8717 Grovemont Circle, 
3W1-435-2937 or via email at 


‘Tenure-Track and Tenured Investigator Positions as 
in Systems Immunology and Infectious Disease Modeling — 


‘The National Institute of Allergy and Infectious Diseases (NIAID), Division of Intramural Research (DIR) is secking several oustanding individuals for its new 
Program in Systems Immunology and Infectious Disease Modeling (PSIIM). 


Modem technology allows the analysis of immune responses and host-pathogen interactions at multiple levels—fom intracellular signaling networks, to individual 
‘cell behavior, to the functioning ofa tissu, organ, oF even whole organism. The challenge is not only to collect lange amounts of data, but also to organize it in a 
‘manner that enhances our understanding of how the immune system operates or how pathogens affect their hosts. To do this, we need to develop detailed quamtita- 
tive moses that can be used to predict the behavior of a complex biological system. These models can help to explain the mechanisms underlying physiological 
tnd pathological responses to infection or vaccination, which can then be exploited to design better therapies or vaccines. 


Achieving this goal requires an interdisciplinary effort and o this cnd the PSIIM will be eeganized asan integrated team of scientists and support staff with expertise 
{in computational biology, bioinformatics, proteomics, cell biology, immunology, and infectious diseasts, rather than as a group of independent laboratories. These 
teams will have access to the latest technology for géne-expression profiling, high-content screening of RNAi libraries forthe discovery of pathway components, 
imaging tools, cores forthe genetic manipalation of animals and for protcomic analysis, and a substantial computer infrastructure. BSL-3 facilites for working with 
high priority pathogens will also be available. 


‘Although the PSHIM has been established within NIAID and has an immune systenvinfectious disease focus, we expect it 10 foster the growth of systems biology 
efforts at other NIH Institutes, primarily through the development of new software tools for comple systems modeling and methods for high-throughput sereening 
Thus, PSIIM team members are expected to inleract extensively with other NIH seientstsand with extramural groups inthe U.S. and abroad who share ou inlerest 
ina systems approach to biology. 


‘The PSIIM is now recruiting for tenure-track or tenure leyel team leader appointments in three key areas: 


Computational Biology: The incumbent will lad a group focused on the development and improvement of software tols for multiscale modeling and simula- 
tion that can be used by the PSLIM ns well a by biologists interested in subjects other than immunity or infectious diseascs. The ideal candidate will have a trong 
background in mathematics, physics, and computer programming, and a clear desire and ability to interact with and suppon the efforts of biologists. A demonstrated 
ability to generate computer software tools for biological modeling will b a strong plus, 


Molecular/Cell Biology: The iieuinbent will lead a group involved in the design, implementation, and interpretation of sefeshing efforts to identify and deter 
‘mine the interactions among the components in signaling networks that could then be modeled using the software generated by the computational biology team or 
obtained from other sources. Discovery tools such as gene arrays, high-content image-based sersens using RNAi methods, various protein-protein hybrid screening 
methodologies, and optical imaging are expected to be key elements in the efforts ofthis group. A strong background in basic cel biology and molecular biology 
‘ith experience in analysis of protein-protein interactions, signaling, and/or gene regulation is required. Expertise in large-scale screening is highly desirable. 


Infectious Diseases: The incumbent will be respontible For developing novel approaches to systems-wide analysis ofthe interaction of infectious agents and their 
hosts, These may include the use of gene-expression signatures, the production of gene-modified animals, the development of methods for in vivo testing of the 
predictions of models, and the use of sophisticated imaging and other tools for probing the interaction of pathogens and host cells in vitro. A strong background in 
Viral andor bacterial infectious diseases and cell and molecular biology are necessary; training inthe immunology of infectious diseases and substantial bioinfor- 
matics experience are highly desirable 


‘These positions and the research activities they conduct are fully funded by the intramural research program of NIH. Each team leader is expected to builda working. 
group consisting of postdoctoral fellows, staff scientists, technicians, and students, Ths team leaders will work with the program director to help set the goals for the 
PSIIM and to determine how best to reach these goals as an integrated group. To ensure appropriate carcer trajectories for those joining the PSHM team, the NIH 
has modified its tenure decision policies to encourage and account for contributions made in such a team science setting. Applicants should be secking a difficult 
challenge in which creativity, technical expertise, anda strong desire to achieve ina team environment are critical for success 


Interested candidates may contact Dr. Ronald Germain, Program Director, PSIIM, DIR, NIALD at 301-496-1904 or rgermain@nlaid.nth.gov for additional 
information about these postions. 


‘To apply, submit your curriculum vita, bibliography, and detailed statement of how you can contribute tothe success ofthe PSIIM program to Felicla Braunstein 
at braunsteinf@ niakd.nih.gov. In addition, three letters of reference must be seat directly from the referee to Dr. Robert Hohman, Chair, NIAID Search Com- 
mittee, ¢/o Ms. Felicia Braunstein, DIR Committee Management Team Lead, 10 Center Drive, MSC 1356, Building 10, Room 4A31, Bethesda, Maryland 
20892-1356, Completed applications MUST be received by February 16, 2007 for computational biology. and March 16, 2007 for Molecular/Cell Biology as 
well as for infectious diseases. Please refer to ad #012 for computational biology. #013 for molecular/cell biology, and #014 for infectious diseases on all cor- 
respondence. Further information on these positions and guidance on submitting your application are available at htp:/bealthresearch.niaid.nih.gov, For more 
{information about the NIAID systems biology program. please visit htp://www.aih.gov/eatalyst/2006/06,08.01 /page tml 


Undergraduate curriculum from 2012, 


to provide 200 new academic positions. The purpose ofthis Centenary 
‘our research competitiveness and to factate the introduction and delivery of 


z= @x ® 
‘THE UNIVERSITY OF HONG KONG 
Centenary Recruitment Plan 


Founded in 1911, The University of Hong Kong is committed tothe highest interational standards of excellence in teaching and research, and has 
been atthe intemational forefront of academic scholarship for many years. Of a number of recent indicators ofthe University's performance, one is its 
ranking at 33 among the top 200 universities in the world by the UK's Times Higher Education Supplement. The University has @ comprehensive 
range of study programmes and research disciplines, with 20,000 undergraduate and postgraduate students from 50 countries, and a complement 
‘f 1,200 academic members of staf, many of whom are interrationaly renowned. 


Buling on Hong Kong's international status and its mission to serve China, the 
Offers an intellectually stimulating and cuturally-ich academic environment, with 


More dotalls can be vowed at httpsi//www.hku.nk/apptunil). Furthor announcements about 
these positions wil be made shorty. Enquries can be addressed tothe respective Facuty Dean or 


URBAN ENVIRONMENT 
FACULTY POSITION 


YALE UNIVERSITY 
School of Forestry & Environmental Studies 


Yale University’s School of Forestry and Environmental Studies (FES) 
seeks to fill a junior- or senior-level faculty position focused on the 
turban environment. We seck an individual who takes a quantita 

systems approach to urban areas, particularly with a spatial geographi 

«al focus, We are particularly interested in an individual concemed with 

the interface between manmade and environmental systems. Research 

of interest include, but are not limited to, urban land use and 

and urban development as they relate to 

fnterest and experience in international urban systems 

The successful candidate will have an eamed doctorate 

and an active research program that complements those of existing 

faculty in FES, She or he will demonstrate capacity for excellence in 

teaching at the graduate level, and will advise Master’s and Doctoral 

students. Teaching might include courses that address the environmen- 

tal aspects of urban land use planning. GIS modeling. transportation 

analysis and planning, and international urban development. We prefer 
jidate with formal taining in a relevant discipline such as geou- 

urban studies, or allied fields. Understanding of key underlying 
environmental sciences such as ecology or Earth science is desirable 


Applicants should send ac.v. a statement of research and teaching inter- 
ests, two reprints or other professional publications, and a list of three 

ences to: Assistant Dean Jane Coppock, Urban Environment 
Search Committee, School of Forestry and Environmental Studies, 
Yale University, 205 Prospect St., New Haven, CT 0651 The 
deadline for applications is Mareh 2, 2007. 

Yale University isan Affirmative Action/Equal Opportunity Emplover: 
‘Men and women of diverse racial ethnic backgrounds and cultures 
‘are encouraged to appl: Women and minority candidates, as well ax 
candidates from developing countries, are particularly urged to apply 


DIVISION OF PRIMARY ORAL HEALTH CARE 
(Oral Microbiology and Biofilms) 


‘ortenured position within the Divi 
the level of Asitant, Asseclate or Full Profesor, inthe arc of 
microbiology and biofilms. 


Successful applicants should have a PAD and/or DDS degree. Preference 
‘will be given to candidates who have a proven record of publication and 
rescarch support in the study of oral pathogens, an interest in the structure 
‘and function of microbial biofilm communitics in the oral environment, 
anda proven record in implementation of euting-edge techniques to the 
study of oral and medical pathogenic biofilms. 


Involvement with cross-discipline interactions with Medicine. Engi- 
neering. Cell science and Bioinformatics 

‘experience working in large interactive multidiseiplinary team environ 
rmcnts are encouraged to apply 


Interested applicants should send a cover leter, complete curriculum 
Vitae, selected recent publications, statement of current and future 
research plans, and at least three letters of recommendation to: Dean 
Harold Slavkin, USC School of Dentistry, 925 W. 34th Street, DEN 
203, Los Angeles, CA 90089-0641 


Review of applications will begin immediately and will continue until 
the position i filed. 


The University of Southern California values diversity 
‘and is commined to Equal Opportunity in Employment 


RESEARCH OPPORTUNITIES 


VIRGINIA BIOINFORMATICS INSTITUTE 


Assistant, Associate and Full Professorships 
at the Virginia Bioinformatics Institute: Labora- 
tory-Centered and Computationally-Centered 


State-of-the-art facilities. The Virginia Bioinformatics Institute 
(VBI) at Virginia Tech has faculty openings for assistant, associ- 
ate and full professorship levels. VBI is a world-class research 
institute in the life sciences, integrating theory, modeling, simu- 
lation and wet laboratories in a transdisciplinary,team research 
model. Areas of strength among the 18 research groups at 
VBI include infectious diseases, ranging from the molecular 
to the population scale, systems biology approaches to study 
stress response in several organisms, modeling and simulation 
of biological networks, functional genomics, metabolomics, 
proteomics and bioinformatics/computational/synthetic biol- 
ogy. Successful candidates at all levels are expected to have 
an established research program and a strong track record of 
substantial extramural research funding. 


About VBI, Established in 2000 by the Commonwealth of Vir- 
ginia, the Institute is a part of Virginia Tech (VT) and has its 
‘own 130,000 sq ft research facility with state-of-the-art core 
laboratory and computational facilities as well as new facilities 
in the Washington, D.C. area (in Alexandria, VA). VBI strongly 
emphasizes team science and organizes research outside of 
boundaries of academic disciplines. Research programs rep- 
resented at VBI assemble to meet the specific needs of those 
programs;it isa flexible environment that rewards the notion 
ofa problem-solving capability on the move. Extensive nation- 
al and international collaborations complement the expertise 
of the faculty, including strong interactions with several bio- 
medical research centers. Faculty entrepreneurial activities 


are strongly encouraged and the university provides support 
for the establishment of commercial ventures 


For more Information: 


To apply, visit www jobs.vt.edu and search by posting number. 
To learn more about VBI and our research, please visit us at www.vbivt.ed 


To learn more about the Interdisciplinary PhD program in Genetics, Bioinformatics, and 
ads.vt 


Computational Biology (GBCB), visit http://www. 
hemi 


VBI's facility in Alexandria is an integral part of Virginia Tech's 
expansion into that region, Faculty members whose programs 
will not require proximity to their own laboratory facilities 
will have the option of basing their primary research efforts 
there while still accessing VBI’ state-of-the-art wet laborato- 
ry facilities in Blacksburg, VBI strongly encourages candidates 
requiring wet-laboratory facilities to apply. Exceptional new 
faculty may also have the option of joint affiliations with oth- 
er departments at Virginia Tech and two prominent medical 
schools on the East Coast. Reference posting 061384 


Along with a strong research environment, the Institute ac- 
tively participates in “Genetics, Bioinformatics, and Computa- 
tional Biology” (GBCB), an interdepartmental Ph.D. program 
that emphasizes both computational and experimental sci- 
ences, and which attracts outstanding students from diverse 
disciplinary backgrounds 


Other Research Opportunities at VBI: 


* Genetical Genomics Analyst, posting 060988 

* Micro- and Molecular Biologist, posting 061418 

* Postdoctoral Associate: Nucleotide Metabolism Mod- 
ler, posting 061331 

* Systems Administrator (multiple openings), posting 
060434 

* Training, Education and Outreach Program Manager, 
posting 061188 

+ Whole Genome Sequencer, posting 061332 


WVirginiaTech 


“invent the Future 
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™ FACULTY POSITIONS 


PROGRAM IN Child 
DEVELOPMENTAL __steat inutovie 
NEUROSCIENCE = “| “*™28""*7 


CHILD HEALTH INSTITUTE OF 
NEW JERSEY 


The newly established Child Health Institute of New Jersey 
(CHINJ) at the Robert Wood Johnson Medical School 
(RWJMS) is launching a major research initiative in vertebrate 
developmental biology to gain fundamental insights into 
congenital malformations and developmental disabilities. AS 
part of this effort, CHINJ is seeking outstanding individuals, 
with emerging or established research programs in 
Developmental Neuroscience to join a core group of 
Inwestigators studying the basic principles of nervous system 
development. We are particularly interested in neuroscientists 
‘who use mouse models to elucidate mechanisms relevant to 
developmental disorders of the nervous system at the 
‘molecular, cellular, physiological, or systems level 


Qualified candidates must have a Ph.D,, M.D. oF equivalent 
fraduate degree and outstanding academic credentials. We 
particularly encourage applications at the rank of assistant 
professor, but appointments at the associate and fll professor 
levels wil also be considered, Successful recruits wil receive 
competitive startup packages commensurate with prior 
training and experience, and will have facuty appointments at 
RWJMS with full access to graduate training programs and 
resources. Faculty in the Program in Developmental 
Neuroscience at the CHIN will join a strong. and growing 
community of Neuroscientsts at RWJMS and Rutgers 
University (RU). They will also have the opportunity of 
interacting with coleagues atthe neighboring Cancer institute 
‘of New Jersey and socn-to-be-built Stem Cell Institute of New 
Jersey. Successful candidates will be expected to develop 
strong, externally funded research programs, and participate 
in collaborative projects wth other Departments and institutes 
at RWIMS and RU. 


For more information wsit our website at 
ttpu/www2.umdn).edulchinjweb/. Interested applicants 
should send their CV, a brie! description of their research 
Interests (including past achievements and future plans), and 
arrange to have three letters of recommendation sent VIA 
‘email, addressed fo: Francesco Ramirez, Ph.D. Chair, CHINJ 
‘Search Committee, UMONI-RWIMS CHIN), 89 French Street, 
New Brunswick, NJ 08901, neurodev@umdnj.edu. Completed 
applications should be received by April 15, 2007. 
Appointments are expected to begin in September 2007. 
The University of Medicine & Dentistry of New Jersey is an 
‘equal opportunity/atirmative action employer. 
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Top 100 Hospital expanding in Central Texas 


Endowed Chair in Pediatric Research 
Scott 8 White Health System 
‘Texas ABM System Health Science Center College of Medicine 


‘The Chidress Hosp! at Scot & White and The Texas ABM System Heath Science 
Center Colage of Medicine a seve a nitonay recopnd exe certs 3 he est 
tide of te Josephine Bald Endowed Chari peat research. Appears shoud be 
‘conplsed ivenigtrs (PRD. MLD er MD/PRO) a he sas e restr level wth 
Carer eal gars ard a proven tack recor base, ial, ander anatnal research, 
The sumed candle wi join an expand tacty whi a lage academic heathcare 
syster. The char heler wi lay aera oe recy and ean esearch 9 
padabte sane in dove coluberation wih investor in local national ard itenatoral 
‘eer nc Boog. genomics andpoeonics. 
‘The Carers Hosp at Sct & White serves lange cnc base throughout Cnt Texas 
There a ostanng cnc! practi a abort felis on caus tht prom ste of 
(he at moc ard cabrio tetris, fow ofomety. prlsomics a gem 
et os boststeal Sigg serv Anmal atratory laiesieude areas b petom 
medal and sues prometres. Laborato space and an appropit larta paca the 
ha hk wb poe. The Scot & Whe Heahcae system is one oh largest mi 
speci regaled devery stems inthe naten. Scot & Wie he pear crcl a 
osptal acing camps br fe Colee cf Mee, Academic appoitimers al he asodale 
and polesir level trough he Calee cf Mace ar conmersurte wih quaifeaons and 
eeence 
rueesed condos shad send a copy of te crodum vie, let adosing the 
‘qabcatos and a It ol ivi who can rok rbrences wc. Don P. Wilson, M.D. 
‘Chaz Search Commie for Jovephine Ballard Certenral Chain Peat Research; 
{Chaleman, Department of Peditics, 2401 Souh 3st Stet Tempe, Texas 700, 254 
TRAN, ax 24724158, emalt dutsonGswmallsworp. 
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‘The University invites applications fr the following posts. Candidates with 
applied research achievements will receive vory posilive. consideration. 
Relevant experience in business and industry willbe a definite assot. 


Protessor/Associate Professor Assistant Professor 
Department of Physics and Materials Science (Ref. A/484/49) 


‘Applications are invitod from outstanding candidates for Assistant Professor 
‘and higher positions. The University endeavours to be internationally 
‘recognized as a leacing unWversiy inthe Asia-Pacific region. The Department 
‘of Physics and Matorials Science was formed in 1993 as the first of its kind 
in Hong Kong, and already excels in several fads. 


‘The Department seeks strong candidates in emerging folds that srengthon 
‘and expand its existing areas of focus. Particularly strong candidates ar 
Welcome in any fold 


Requirements: A PhO in a closely related discipline with a promising 
esearch record and a strong teaching ability. The successtul candidates. 
‘are expacted to develop new research directions and courses, 


‘Salary and Conditions of Service 
‘Salary offered will be highly competitive and commensurate with 
‘qualiications and experience. Appointment willbe on a fixed-term gratul 
‘bearing contract. Fringe benefits include annual leave, modical and dent 
‘schemes, and housing Denetits where applicable. 


lon and Information 
Information concerning the posts and the University is available at 

iewctyu.odu hk or fom the Human Resources Otice, City University 
Et ong Korg tat Choe Avenue. Kowtoon, Hong Kong (ear (652) 2769 
1154 or (852) 2788 8334/email: hrojo>@cityu edu hk). Additional information 
‘about the Deparment is available at hip/iwwwan.civueduhy, Please 
‘sendan application leier enclosing a current GV wih evidence ol teaching 
ability a concise (up 01 page) statement of research interests 
‘and teaching philosophy; i) names and addresses of four referees fo the 
Human Resources Ofice. Applications will be considered unt positions 
refilled. Please quote the reference of the post inthe application and on 
the envelope. The University reserves the right to consider late applications, 
‘and nominations, and to fill or not to fil the positions. 


UNIVERSITAT 
Johann Wolfgang Goethe University at Frankfurt FRANKFURT AM MAIN 


Cluster of Excellence “Macromolecular Complexes” 


The newly founded Cluster of Excellence “Macromolecular Complexes” at Frankfurt University is seeking to appoint outstanding scientists 
in the following subject areas: 


Pl: Associate Professor (W2) in Mitochondrial Biol 

‘The successful candidate should have a strong research profile in mitochondrial cell biology and/or pathobiochemistry and should be 
willing to collaborate with other groups within the cluster to elucidate the molecular details of the protein networks and macromolecular 
complexes of mitochondria. The eandidate’s research group will be located on the Medical Campus of Frankfurt University. 


P2: Full Professor (W3) in Molecular Membrane Biology 

We are looking for an outstanding individual to develop a strong research program on the structure and function of transport complexes, 
‘membrane-associated macromolecular assemblies and/or organelle biogenesis. The group will be integrated into the Department of 
Biochemistry, Chemistry and Pharmacy. 


P3: Associate Professor (W2) in Large Synaptic Complexes 

‘The successful candidate will develop a competitive research programme in molecular neurobiology to elucidate the temporal and spatial 
sequence of transient protein-protein interactions and their functional implications at the synapse. The new research group will be In 
the Department of Biosciences at the Biocentre on the Riedberg campus. 


P4: Associate Professor (W2) in Quantitative Biology of Signalosomes 

‘The successful candidate is expected to develop a competitive research program in the field of signalling complexes, covering quantitative 
aspects of macromolecular assemblies, structure and function analyses of signalosomes, post-translational modifications and/or their 
recognition by specific domains, with special emphasis on the integration of quantitative biology with bioinformatics or systems biology. 
‘The new research group will be located at the Biocentre or on the Medical Campus. 


P5: Assistant Professor (W2) in Research on Nuclear Complexes 

‘The successful candidate should develop a strong research programme on epigenetic processes, and should complement ongoing research 
‘on the biology and pathology of leukemias and lymphomas. We expect a strong background in molecular biology, cell biology and/or 
biochemistry. The new group will be integrated into the Department of Biochemistry, Chemistry and Pharmacy. 


P6; Assistant Professor (W2) in X-ray Crystallography of RNA-protein Complexes 

‘The research of the new professor should focus on RNA and RNA-protein structure determination by X-ray crystallography. Relevant 
Postdoctoral research experience anda proven track record asa research group leader ae expected. The newgroup willbe housed in 
the Institute of Organic Chemistry and Chemical Biology. 


P7:__ Associate Professor (W2) in Chemical Biology and Medicinal Chemistry 

We are seeking to appoint a highly qualified junior scientist with a strong research profile in target- and diversity-oriented synthesis 
$ategies and/or syathess of stall omolecules and investigations int the chemical and biclogical mechanisms of miRNA and FRNA, 
‘TLR signaling and/or lipidomics. The research group will be atthe interlace of the Institutes of Organic Chemistry and Chemical Biology, 
and of Pharmaceutical Chemistry 


P8: _ Full Professor (W3) in Electron Cryo-Microscopy of Large Macromolecular Complexes 

‘The scientific interests of the new professor should reinforce and complement ongoing research in the Cluster of Excellence into the 
structure and molecular mechanisms of membrane proteins, transport machineries, RNA-protein complexes, or related areas, The candidate's 
research group will be located in the University Physics Department, adjacent to the Max Planck Institute of Biophysics, and will have 
access to excellent facilites and infrastructure, 


P9: Full Professor (W3) in Advanced Light Microscopy 

‘We are seeking an outstanding individual with a strong research interest in applying advanced light microscopy to cellular neuroscience. 
‘Studies on single particle movement, organelle trafficking. assembly of macromolecular complexes, development of methods with increased 
resolution of in fluorescence microscopy will all be considered. The candidate's research group will be integrated into the Department of 
Biosciences. 


P10: Assistant Professor (W2) in Mass Spectrometry 

We seek to establish a junior research group headed by an Assistant Professor devoted to the analysis of multiprotein complexes by mass 
spectrometry and proteomics. The group will be housed by the Institute of Pharmaceutical Chemistry at the Biocentre and will have full, 
access to its instrumentation. 


PILI: Associate Professor (W2) in Single Molecule Spectroscopy 

‘The successful candidate will have a strong track record in single molecule spectroscopy, and should have an interest in developing new 
‘methods and applying them to macromolecular systems in biology. The research group will be in the Institute of Physical Chemistry. 
P12: Associate Professor (W2) in Developmental Biology 

‘We are looking for an outstanding junior scientist with a research focus in developmental genetics and cell biology Of fighér eukaryotic 
model organisms. The research efforts should complement the eukaryotic model systems (S, cerevisiae, C, elegans and mouse) that are 
already established in the Cluster and target the functional analysis of macromolecular complexes. The group wil be integrated nto the 
Department of Biosciences. 


‘The Cluster of Excellence comprises leading research groups in the Departments of Biosciences, Biochemistry, Chemistry and Pharmacy, 
Physics, the Max Planck Institute of Biophysics and the Frankfurt Institute of Advanced Studies (FIAS) on the new Ri Science 


‘Campus, and the Department of Medicine, the Max Planck Institute of Brain Research and the Georg Speyer Haus on the Niederrad 
‘Medical Campus of Frankfurt University. Excellent, state-of-the-art core facilites. including imaging. proteomics, genomics. and bioinformatics 
‘will be available to all yroups in the Cluster. 

Start-up funds as well as substantial resources for personnel and running costs are available to all new gfoups.itom the Cluster and from 
Frankfurt University. Participation in new or existing DFG-funded Collaborative Research Centres (SFBs) in Frankfurt is expected. Successful 
candidates will be required to teach at both Bachelor's and Master's degree level 

‘The designated salary forthe position is W2 (tenure track: initially for 5 years) or W3 (tenured) on the Getman university séile: For details, 
see hitp://www.uni-frankfurtde/aktuelles/ausschreibung/ professuren/nichtfb.html. The Goethe University Frankfuntis committed to 
‘equal opportunity in science and a lively campus community. 

Applications including a curriculum vitae. pdf.files of 5 key publications, statements of research achievemefits (one page) and future plans 
(G pages), and the names and addresses of 5 academic referees should be sent via Email by February 10, 2007 to: 

Director, Cluster of Excellence Macromolecular Complexes 

Goethe University Frankfurt 

E-mail office@biochem2.de 


Jareers.or; 
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BB Morgridge Institute for Research 


Executive Director 
‘The Morgridge institute for Research 
At the University of Wisconsin-Madison 

“The Morgridge Institue for Research at the University of Wisconsin sccks nominations and applications 
for the position of Executive Director. The Morgridge Institute for Research (MIR) isa new private, not- 
for-profit research institute whose core mission ito bring together scientists from a range of disciplines to 
advance the study of human biology and biomedical seicnee. The work will b conducted in collaboration 
‘with various centers on campus, as well as with industry partners and othcrs to translate new knowledge 
nd discoveries into real-world applications. The Morgrdge Institute for Research sccks an outstanding 
Scientist and accomplished research leader to assume the position of Exccutive Director, he she will play 

' significant role in crystallizing the vision and strategy forthe Institute 
The Executive Director willbe the Chief Exccutive Officer, with overall respomsibilty forthe scientific and 
financial success ofthe institute, He’she will create an organization that has the agility, character and aff 
tw ensure the Institulchas an organizational structure and culture that will ster successful interdiseiplinary 
The Executive Directo also has responsiblity for guiding the institutional advancement program 10 
the MIR endowment and, where approprate, fund ongoing research andoperatins, Technology transfer 


CQ) woos tote accanosrapnic stein 


Marine Microbial 
Biogeochemistry 
AssistanV/Associate Scientists 
‘The Departments of Biology and Marine 
Chemisty & Gevchemisty with the Woods 
Nok Oceanogr natin ve gps 
{Hons for one or mow tener psn 
the Ashtint or Avoca Scientia evel in tht 
Sea of murine merobial beigeochemsty 

inlgy. or genomics We sok mesa 
Beep comical cr moleata adegea 
techniques (eg. hotope tracery, molecular 
pre iol fone tayo, mara 

rotcomics) 40 investigate, biogeochemical 
Eanstormatons clemenal cycles physilogy, 
fScoogy. and the forces ating on the seston 
‘of mane prokaryctes Bacteria an Arches). 
‘Aras of iteret cho, but are ot Kinstl t, 


activities, goverment grants, private philanthropy. and the establishment ofaliances and partnerships wth 


planktonic photouops “and, crop, 
‘venture firms and pharmaceutical companics willbe part ofthe institational avancement initiatives. 


Nemiscep and deep bansphere microbes 


The suseemful candibte for this poston will have an established rend of achievement in building and 

leading siete enerriscs in the public andr private sctot. He she must be a highrcnery cadet with 

finely tuned political, tam building an organizational developmental skills, and must be cage to mentor 

the next generation of scientist, Progra i 
Biokogial ev Chemical Oxanography 

Eo ful jb dentition Toe on 19 

itpljobs:wboeda an! Tolow the stops 10 

peony, Canidae shoul aint acre 

Cv, Resear Staement and nae, 

‘of potemialfeterences lon 

‘wth their cn in application 

To be considered, complete 

Application materials. souk! 

iereoeived by Febrry 2007 


The Executive Director will have an advanced degree in biology, medicine, engineering, genetic, 
bioinformatics or related scientific field. He’she will have engaged in scientific work witha privity on 
{nerdisciplinary collaboration. Cred 
‘highly sought-after scholarly opportunity will also be important. The successful candidate will also have 
' commitment fo education as well as rexcarch; evaSence of success in establishing collaborations with 
industry: a deep appreciation of and respect for academic valves and culture, and an understanding of the 
critical role that basic and translational rescarch serves in sustaining and broadening the intellectual rigor 
‘of an elite research university 
ations an applications should be sent to: Nicholas Brill, Brill Neumann Associates, Inc., 312 
‘Street, Boston, MA 02116; morgridge( brillneumann.com. 


The Morgride Institute for Research isan Equal Opportunity Employer: 


Women and Minorities are encouraged to apply 
MF/DN/EOE 


FACULTY POSITION 
Reproductive Biology & Development 
BAKER INSTITUTE FOR ANIMAL HEALTH 


Located a hace, NY, Cornel! Univer is abo, anova, inclusive an 
dhrmomae tachng nd reseaih uneraly where suf focal aed sidenote 
cae changed make on enduring contribution ote beirmetofhunanly 
‘The Baker litte fr Anima Healy at Corel University seeks ousting 
Castes fora tenure track facilly postion, Prefered cards must hive 
SPRD. ander DVM. or equvacek and will ue cunig-edge expertnetal 
Sepeeches to invesigae Teportat qursdoas ta roprotactve biol 
(Crdopment. Tho lst hus ciingalshed recor! of cscevery bv seas 
teocfting bos companion animal and human health, Tt supports an 
imesduciplinay roca enveoamet with sides in rode, sal anita 
Sad le nied 9 sms, Sanging fs imunclogy and actions eaes 
ite ieriance of complex tats. Ih ts search, protty will be piven 
‘cies who complement or regen cured Indie ssearth, Wie 
Mersin cance wi seve programs ia perm cel er cell 
acentl development, epigene, or genomic. The recut 
fey i pha os spporrinc peta in he Cage of Wicamry 
vine and wilhave Cpporuntcs fo parte the Univeniy’s campus 
UCLae Scones lose and ac our Venere Conant 
Secoesfd candidates wil be esgected to have, or 19 devaep, exicumnally 
faded rach popuns ad tp countbou to prfesiooal (VM) act 
‘ads edcation Te lstiu offers compctive baru packages tn ew 
Emcrmory facies in a supportive, eccive seearh ervicement Tie 
[os 6 offered tthe Assan Professr lve, wih revision appropriate 
the success applicams qualeatins 
For more information, go to: tip/bakerinstitute vetcormelLedw 
Applicants shoud sub acove lei Carica We Memento research 
[fans anc contac iformaton for oe efacnces Oger i asagh PDF Hit 
ws hakersearche cornet 
Review of applications will begin on February 15, 
S007 and wil contin until the postin sil 


Cornell University 


‘Cornell University isan Affirmative Action, 
Equal Opporaunits Employer and Educator 


Chair - Department of Molecular 
Biology and Microbiology 
‘TUFTS UNIVERSITY SCHOOL OF MEDICINE 


Toft Unversity Schoo of Medcine ites apptcovons for Professor ond 
har of he Department of MoleclorBelogy and Mcrobelagy The cond 
date should have @ PRD. or on MD. end be on ernatonoly recognized So 
ents in microbiology wih an outstanding ond web fnded research pogrom. 
The conddate should ako hove 0 vock Fecord of mstewonal service and 
partcpavon in dhe mentor of janorfocty 

Tufts Unversity Schoo of Meine hos 0 dstingushed record of trang 
Some of the koding physcions and scents inthe US. The Deporament of 
‘Molecular Belogy and Microtology hos « poreclory outstanding and dstn- 
[pushed fstor of excelonce in research and woring The faculty wel furd- 
by both federal and prvote sources of support ndudng Gates Feundeton 
words es well on Howord Hughes Mecca Intute Inextgotorsnps. The 
Deporument aceupes the 4h for ofthe recently but ors Famdy Center 
for Bomedl and Nutriton Reseorch os wel os arin buildings ofthe 
‘M&W Research ComplexA notable strength ofthe Beporement the otros 
Phere of exoperation ond collegial that previ ct af levels. A voriety of 
fvalabe core facts the Medal Schoa erve to pready erbance the 
‘eacorch envronment The Molecular Miroboogy Graduate Progrom bosed 
inthe Department i vigorous andi funded by two traning pros This Chair 
positon provides on excing opportunity to lead and farther bald on credy 
dbngished department 

Pease senda curiculi Woe statement of research finding. ond the names 
of ot east tree references by March 9, 2007 to: 

Henry H.Wortis M.D,, Choir, Molecular Biology and Microbiology 
‘Search Committee clo Mary Broderick, Medical Deans Office, 
Sackler 8, Tufts University Schoo! of Medicine, 

136 Harrison Avenue, Boston, MA 02111 


lien Sc Medes MED epee ts os fo ebb 


The European 


Commission 


The European Commission, Directorate General Joint Research Centre JRO), is seeking to recruit (n/t): 


DIRECTOR 


INSTITUTE FOR PROTECTION AND SECURITY OF THE CITIZEN IN ISPRA 
URC.G - IPSC) (com2007/10039) 


DIRECTOR 


INSTITUTE FOR ENERGY IN PETTEN (JRC.F - IE) (COM/2007/10040) 
Official Journal n’ C7 A~ 12 January 2007 


//europa.eu.int 


http 


We are the Joint Research Centre. Our mission is to provide customer-driven scientific and 
technical support for the conception, development, implementation and monitoring of EU policies. 
JRC comprises 7 research institutes spread across 5 sites in Europe. We have a staff of 2,650 and 
an operating budget of € 300M per annum. Our core competence areas are food, chemical 
products and health, environment and sustainability, nuclear safety and security, and horizontal 
activities such as reference materials and measurements, techno-economic foresight, public 
security and anti-fraud, 


We propose: 

+ A post of Director of the Institute for the Protection and Security of the Citizen 
(RC.G - IPSC - ISPRA) (COM/2007/10039) 

The mission of the Institute is to provide research-based, systems-oriented support to EU policies 

50 as to protect the citizens against economic and technological risks. It has some 430 staff and 

a budget of ca. € 45M. The Director will in addition be expected to provide strategic orientation 

for and coordination of activities across the whole of the JRC related to internal/external security, 

anti-fraud and development aid research and services. 

+ A post of Director of the Institute for Energy (JRC.F - IE - PETTEN) 
(COM/2007/10040) 

The Institute provides scientific and technical support to community policies related to energy. 

Wthas a staff of about 200 and a yearly budget of ca. € 30 M. The Director will in addition be 

expected to provide strategic orientation for and coordination of energy-related research and 

services across the whole of the JRC 


The Directors are responsible for the overall management of their Institute and have delegated 
financial and recruitment responsibilities for the complete budget and staff of their Institute, 
They are members of the JRC senior management team and contribute to the overall 
development and implementation of the JRC mission. 


Applicants must: + be a national of one of the European Union Member States; * hold a university 
degree that gives access to undertake doctoral studies; « have at least 15 years’ postgraduate 
professional experience at a level to which the qualifications referred to above given admission; 

at least 5 years of that professional experience must have been gained at senior management level; 
* have a thorough knowledge of one of the EU offical languages and an adequate knowledge of 
another of these languages. Candidates should note that the selection procedures will be carried 
out in English, French and German only 


The Directors will be selected and appointed by the Commission according to its selection and 
recruitment procedures. Salaries and conditions of employment are those laid down in the Staff 
Regulations for AD 14 grade officials of the European Communities. The Commission applies an 
equal opportunities policy. Full job description, selection criteria and application details can be 
Jound at http:/ec.europa.eu/dgs/personnel_administrationworking senior mgt en.htm. 
The link lo the on-line application 1s: http://ec.europa.eu/dgs/personnel 
administration/seniormanagementvacancies/index_en.htm, 

Ifyou encounter technical problems, please send an e-mail to: 
ADMIN-MANAGEMENT-ONLINE@ec.europa.eu. 


The closing date for registration is 12 February 2007. 
On-line registration will not be possible after 12.00 noon Brussels time. 
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Uniformed Services University 
of the Health Sciences 


Chair of Department of Pharmacology 


The Uniformed Services University seeks applications forthe position 
‘of Chair ofthe Department of Pharmacology. a tenured position within 
the F. Edward Herben School of Medicine in Bethesda, Maryland. Can- 
didates, who must be US. citizens or permanent residents, should have 
an outstanding record of accomplishments, including an intemationally 
‘eeognized research program in pharmacology ora related diseiplin 
and leadership skills to oversee the research programs and faculty in 
the department and to dircct the pharmacology teaching inthe Schoo! 
‘of Medicine. Current department strengths include ncuropharmacolog, 
and molecular mechanisms of signal transduction. Salary and beneti 
will be based on Federal pay ranges for senior scientists, Further infor- 
‘mation on the position may be obtained from the Search Committee 
the department web site can be found at httpy/www.usuhs.mil/pha, 
Nominations of qualified persons are welcomed. 


REQUIREMENTS: Selected candidates will be subject wa favorable 
‘security background investigation for employment. 


Applications should be sent to: 
David S. Krantz, Ph.D. 
‘Chair, Pharmacology Search Committee 
Department of Medical and Clinical Psychology 

Uniformed Services University of the Health Sciences 
4301 Jones Bridge Road 
Bethesda MD 20814-4799 

ddskrantz@usuhs.mil 


The University is an Equal Opportunity Employer committed 
to excellence through diversity 


‘The Univnity of Texas Medical rach 
Breast Cancer Research 
Faculty Position 


‘A tenure-track faculty position is currently available at the assistant 
‘professor level inthe research arca of molecular and cellular biology of 
‘breast cancer atthe Sealy Center for Cancer Cell Biology and Center for 
Interdisciplinary Research in Women’s Health at UTMB. Preference will 
be given to candidates interested in working in a highly collaborative, 
interdisciplinary environment with interests in breast cancer etiology, 
progression or treatment. We are particularly interested in recruiting 
‘candidates with seiemtfic backgrounds in inflammatory mechanisms of 
‘cancer, stroma interactions with cancers, novel animal models of cancer, 
or discovery of novel chemotherapeutic agents. 


‘The recruited candidate will be provided with a generous start-up pack- 
age, competitive compensation and benefits, modem laboratory space 
Within the center, and access to state-of-the-art core facilities. The faculty 
_member will be expected to establish and maintain independent, externally 
funded research programs. Diversity is one of UTMB’s core values, and 
‘we look for diversity in our applicant pools, including ethnic, cultural 
gender and research interests. Applicants should have at least two years, 
but no more than five years, of post-doctoral or equivalent experience 
and a stroag publication record. Please send an electronic curriculum 
Vitae, statement of research interests and goals, and the names of three 
references to 
Abbey B. Berenson, M.D. 
Route 0587 
‘The University of Texas Medical Branch 
Galveston, Texas 
or email: aberens@ utmb.edu 


UTMB is an Equal Opportinity Affirmative Action Institution 
that proudly values diversity. Candidates of all backgrounds 
are encouraged 10 apply 


JAPAN ADVANCED INSTITUTE OF 
SCIENCE AND TECHNOLOGY (JAIST) 


Invites applications for a professorship (or associate professorship depending 
fn experience) for training in English Technical Communication. This 
Postion isnot for esearch. The appointment stars afer April 1, 2007, 


JAIST is a national graduate university that has Schools of Knowledge 
Science, Information Science, and Materials Science. Before graduation 
the students are required to have abilities to read, write, and orally present 
technical papers in English. JAIST is located near the city of Kanazawa, 
which is known as “Little kyoto,” rich with traditional Japanese art and 
culture 


+ Area of specialty: Education in English Technical Communication 

+ Job description: Teaching of technical English classes: Tutoring 
in technical paper writing: Corrects ic papers; Planning of 
curriculum for English Technical Communication 

+ Qualifications: A successful candidate should have a Ph.D. o¢ Min 
Science or Engincering. and should have demonstrated ability to write 
technical papers. Weare ooking for teachers with enthusiasm fr training 
graduate students 

+ The applicant should submit the following information: Resumes, 
Publication list, Summary of previous experience in education and 
research (upto 1000 words, Future plans as an educator (up 10 1000 
words), Names of three professional references including e-mail 
addresses 

+ Deadline: Application must be received by March 20, 2007, 


Please send your application to: Prof. Takuya Honda, JAIST, 1-1 Asahidai, 
‘Nomi, Ishikawa,923-1292, JAPAN; Tel:#81-761-S1-1750; Fax: +81-761 
51-1149; t-hondaiajaistc.jp. For inquires contact Ms. Michi Kashida 
at +81-761-51-1937; michi-k@ jaistac,jp. Institute website is at http: 
‘www jaistac jplindes-e.him 


VICE PRESIDENT FOR RESEARCH 
University of North Texas 


Founded in 1890, the University of North Texas at Denton is the 
langest and most comprehensive student-centered public rescarch 
university in the Dallas/Fort Worth metroplex. As the state's fourth 
largest university and one ofthe fastest growing in the country, UNT 
services more than 33,500 students offering 93 bachelor, 111 master 
and 50 doctoral degrees, 


DUTIES AND RESPONSIBILITIES: The Vice President for 
Research reports directly to the University President, This position 
provides leadership for the development and implementation of 
‘campus-wide strategic and operational plan for research, sponsored 
projects and activities across all academic disciplines forthe purpose 
‘of securing increased levels of external support from federal, state, and 
private sources; oversees all policies, procedures and support services 
dedicated to rescarch and technology transfer and all rescarch re 

tory requirements; works closely with researchers to develop research 
and sponsored program activity in support of UNT's research 

is responsible for promoting interdisciplinary and in 
collaboration and enhancing relationships with sponso 
and represents UNT's research, scholarship, and creative activity with 
appropriate state and federal offices, 


This position also carries the management and continued develop- 
iment responsibilities of the recently acquired $50,000 sq. ft, 200 
acre Research Park which houses the College of Engineering and the 
newly created interdisciplinary Center for Advanced Research and 


Technology (CART), 


QUALIFICATIONS: Qualified candidates should possess the fol 
owing 
+ Eamed doctors 
+ Anextensiv 


I degree 


ch record within an academic or related 


+ Service on state a 
‘or policy and planning committees 
Proven record of increasing institution. 
Addemonstrated record of effective leadership in research adm 
tration with increasingly responsible postions in higher educatio 
porate oF non-profit on 
Working knowledge of major functional arcas, especially federal 
funding agencies, technology transfer, intellectual property issues, 
and compliance 
Understanding of national rends affecting academic research and, 
the ability to develop a strategic research plan for elevating the 
national and international research prominence of UNT 
Successful exp. policy and procedural development in 
ll facets of research and research administration. 
+ Anunderstanding of higher education and the academic environ: 
mnt, both at the undergraduate and graduate levels with expei- 
‘ence in the establishment and development of comprehensive 
training programs supporting research 
Addemonstrated commitment to diversity and the ability to work 


With diverse constituencies 

+ Proven interpersonal skills to interact and lead people at all levels 
of the organization 

+ Exeetlent w 


ion and oral communication skills 


APPLICATION AND NOMINATION PROCEDURE: Interes 
‘applicants should submit resume; a letter of application that hight 
qualifications forthe position and management philosophy of a research 
enterprise; and the names, addresses, telephone numbers and e-mail 
dresses of five professional references. Review of applications will 
wary 16, 2007, and will continue until the position i filed 
tions and applications should be directed to 
Valerie Green 
University of North Texas 
PO Box 311010 
Denton, TX 76203 


hitps:/jobs.untedu 


References will be contacted only after permission from the applicant 
is obtained. For information on UNT, please consult the web site at 


owen untedss 


The University of North Texas is an ADA/Affirmative Action 
Equal Opportunity Emplover. 


obife 


{even better] 


Genetic Analysis, Molecular and Cell Biology, 
Foster City, CA 

Contribs 0 research program involving nove applications of 
‘ext generation, ultra-high throughput, sequencing tech nolog 
‘The list of potential topics includes anaiyses ofthe uty of ul 
high-throughput sequencing in whole-genome resequencing, 
digital gone expressvon. digital karyotyping, rare biomarker 
decane nove assombly end vinol genome methylation 
analysis 

Qualifications Roquirod 

Pho. in computational biology, statistics, computer science, 
‘genetics, oF a related field. The candidate should have experience 
with developing novel Bioinformatics algorithms, proterably in 
the areas of sequence alignment and assembly andlor pattern 
clasifeaton, ond experience with tatabcal modeling and 
simulation 


Protein Engineering, Advanced Research and 
Technology, 

Foster City, CA 

Work on novel technologies to engineer protein-based fluorescent 
biosensors. Projects will focus on protein molecular evolution and 
design, library construction, high throughput screening, as well 
{as brochemical characterization of fluorescent biosensors. 
Qualifications Required 

‘The successful candidate will have a Ph.D. degree with 
backgrounds in molecular biology. protein design and: 

directed evolution. Experience with protein purification and 
characterization and real-time PCR is desirable. 


Research and Development, Protein and Small 
Molecules, 

Framingham, MA. 

Design, synthesize and develop chemistries targeted towards 
‘metabolite classes for high-throughput metabolite profiling and 
Quantization using mass spectrometry. 

Qualifications Required 

Ph.0. in organic or bio-organic chemistry with extensive 
knowledge of chemical transformations and bioconjugation. 
Knowledge of mass spectrometry with a biology background is 
highly desirable. 


For more information about these opportunities, please 
Vist our website at www.appliedbiosystems. cc 
interested, send your resume in confidence to 
barrink 1 sappliedbios ‘com with Postdoc Genetic 

nalysis, Protein Engineering or Protein and Small Molecule in, 
the subject heading. 


Our diverse life science contributions are a proud reflection of the 
diversity of our workforce. 


@ 


Applied 


Biosystems 
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Department of Biochemistry 
and Molecular Biology 
Tenure Track Faculty Positions 


The Departmentof Biochemistry and Molecular Biologyatthe University 
‘of Maryland Schoo! of Medicine, chairedby Richard L. Eckert, Ph.D 
‘4 major expansion (http://medseho« 
biochemistry), Highly qualified individuals willbe considered at the 
Assistant, Associate and Full Professor levels. The department has 
significant strengths in musele biology, cell signaling. cancer biology 
structural biology and imaging, and a highly successful graduate train- 
ing program. The initial expansion will include positions in surface 
epithelial biology with a focus on investigators utilizing 

cellular and animal model approaches to understand protein and cell 
function in normal, diseased and cancerous tissue. Successful candi 


biochemical 


dates are expected to establish and 


‘and participate in department teaching and service opportunities. The 
‘and the Department are respect 10 
NIH funding. The Department provides excellent laboratory facilities, 
‘competitive salaries and startup packages, and access to numerous core 
facilites, Applicants should hold a Ph.D. or M.D., have substantial 
research experience, ad strong desire to participate in an interactive 


‘multidisciplinary research environment 


Interested applic 
riculum vite by email and have three letters of reference sent by 
‘e-mail to bioche ryland.edu. Mail applications can be sent 
{or Biochemistry Search Committee, Department of Biochemistry, 
University of Maryland, School of Medicine, 108 N, Greene Street, 
Baltimore, MD 21201 


ts are invited to submit a leter of interest and cur 


The University of Maryland, Baltimore és an 
Equal Opportunity, Afirmative Action Employer 


Cleveland State 
Fe) University 


* Temporary Post-Doctoral Fellow (BGES) 


A temporary Post-doctoral Fellow position is available immediacely in the 
Biological, Geological 8 Environmental Sciences Department at Cleveland 
n RNA procesing, Deve 


optimize and implement specialised techniques in molecular and cellular 


Sate University to conduct laboratory research 


biology. Establish tumor cell ines as experimental model system for 


cancer research, Participate in prepating publications and grant proposals 
Mentor and train graduate and undergraduate students in laboratory 
studs. Interact profesionally with all internal and external customers 


tasing strong interpersonal kil. 


Minimum qualifications ate a Ph.D. in Molecular and Cellular Biology 
Biochemisry, of related field. Skilled in molecular andl cellular biology and 
in molecular cloning techniques. Experience in mammalian eel culture 
Preferred 

microRNA, and ca 


uslifcations are knowledge of nuclear pre-mRNA splicing 


er genetics. Song skills in mammalian cell culture 


Send curriculum vitae along with three names and contact information of 
references vo Dr. Girish Shukla, Chait Search Commitee, Cleveland Stare 
Cleveland, OH 44115, Postion 


University, 2121 Euclid Avenue, SI 21 


CSU isan AAJEOE institution committed 10 son-diverimination in 


employment and education. M/F/D/V encouraged. 


UK 


UNIVERSITY OF KENTUCKY 


Department of Microbiology, 
Immunology and Molecular Genetics 
Two Positions at the 
Assistant/Associate Professor Level 


The Department of Microbiology, Immunology and Molecular Genetics, 
College of Medicine, University of Kentucky, seeks two tenure track 
IMMUNOLOGISTS/MICROBIOLOGISTS atthe Assistant or Associate 
Professor level. Weare interested in faculty whose research bridges the dis 
ciplines of immunology ‘and or molecular genetics genomics 
bioinformatics. Examples of research include immunoregulation, genetics of 
une system, molecular immunology, autounmunity, host response 
bial pathogens, genetic basis of resistance to microbial infection, 
unology. immunoparsstology 
and vaccines. Applicants should have a Ph.D. andor M.D., or equivalent 
‘degree, and postdoctoral experience. Successful candidates ae expected 10 
{develop maintain an innovative, externally funded research program as well 
‘as participate in graduate and medical student teaching. This isan excellent 
‘opportunity to join a department with strong predoctoral and postdoctoral 
‘raining programs, and research programs in microbial pathogeness, cukary 
‘otic molecular biology, molecular and cellular immunology, and molecular 
virology. Excellent start-up funds, state-funded salary commnensurate with 
experience and moder research Facilities will be provided 


Applications should include curriculum vitae, representative reprints, sum. 
mary of past experience, a statement regarding research interests and Future 
plans, as well as three leters of recommendation. Al material should be sent 


to: Chair, Faculty Search Committee, Department of Microbiology and 
Immunology and Molecular Genetics, MS409, Medical Center, Univer 
sity of Kentucky, Lexington, KY 40836-0298: Telephone: 800-462-525 
FAX: 859-257-8994; kfres la pop.aky.edu, 
The University of Kentucky is an Equal Opportunty/ Affirmative Action 
Employer and has an affirmative duty to reasonably accommodate 
otherwise qualified individuals witha disability 


Biological 
Nanostructures 
Staff Scientist 


wees) Molecular 


The Molecular Foundry isa national user facility, 
for the design, synthesis, and characterization 
cof materials with nanometer dimensions 
{http://foundrytbL.gov). This position 
is located within the Foundr/s Biological 
Nanostructures Facility, which provides, 
{instruments and techniques for users pursuing 
integration of biolagical components. into 
functional nanoscale materials and mimicry 
of biological architectures, Leam more at 


httpy/ foundry. IbL.gav/faclities/bionano. htm, 


The successful candidate will design and lead 
2 Vigorous individual research program at the 
‘interface of biomaterials and nanoscience. 
He/she will also provide scientific support and 
collaborate on research projects brought to 
the Molecular Foundry by its users, 


Apply at_ttp://jobs.\bl.gov/LBNLCareers/ 


etails.asp?jid=200268p=1. Please submit 
a single attachment including your CV, one or 


more research proposals that involve aspects 
of nanoscience and biology, list of references, 
and cover letter. Reference “Science Magazine” 
as your source, 


LBNL is an AA/EEO employer committed to the 
development of a safe and diverse workforce. 


UNIVERSITYOF 


BIRMINGHAM 


Professors (two posts) 
Experimental Cold Atom Physics 


Ina major joint venture, the Schools of Physics and Astronomy at the 
Universities of Birmingham and Nottingham are recruiting sx new permanent 
academics in experimental cold atom physics to set up the Midlonds Uttocold 
‘Atom Research Centre. Ths sa new interdscplinary Cente of Excellence for 
research atthe interface between cold atom, condensed matter, and optical 
Dhysics. The frst stage isto appoint two Professors to lead the Bimingham 
and Nottingham sides ofthe group. The Professors wil strongly influence the 
Subsequent appointment ofthe four Lecturers (two at each partner Unversity) 
and lead the development ofthe Centre. 

Funded by an EPSRC/HEFCE Science and Innovation Anard, the Centre wil 
build on, and integrate with, our large established programmes in condensed 
‘matter physics, nanoscience, and cold atom/condensed matter theory - thus 
producing a step change in the UK's capacity for research innovation across 
these fields, 

Scientists are required with a proven tack record for intemationall-feading 
research in areas of experimental cold atom physics including, but not kmited 
to, atom chips, atom-surface interactions optical lattices, single atom 
detection, atom interferometry, Fermi gases and Bose-Einstein condensates 
few-body cold quantum systems. The complementary foci wal be on optical 
lattices or pure condensates in Birmingham and chip- based cold atom systems 
In Nottingham. 

{Im addition toa substantial start-up package for equipment. laboratory 
refurbishment, postdoctoral and technical support, PRO studentships. travel 
an international Visitor Programme, the successful candidates wil be 


The University of 


Nottingham 


supported by state-of-the-an nanofabrication and tera-scale supercomputing 
facities and benefit from a substantially reduced teaching load forthe first 
five years 

Salary wil be within the Professorial range, minimum £49,116 pa 

The successful candidates willbe expected tobe in post by no later than 

1 October 2007 

leformal enquies may be addressed to Professor P H Beton, Head of Schoo, 
The Universty of Nottingham, te 0175 951 5129, Email 

Petes Beton@Nottingham ac.uk, Professor JM F Gunn, Head of School 
LUnwersty of Birmingham, tet 0121 414 4565, Emel jm.f qun@bham ac uk 
or Professor TM Fromhold, The University of Nottingham, te: 0115 951 5192, 
Emad. Mark Frombold@Notungham ac uk 


Further information about the Schools is avaiable at: 
betp:/ sw nottingham ac k/physics/ and http://www ph bhamac.uk/ 
For more detais ofeach post and/or to apply on-line please access: 
The University of Nottingham University of Birmingham 


betp://jobs nottingham ac uk) http //www punt ham ac uk/ 
4227 vacances, 


Please quote ref 1K/227 Please quote ref. C38129 
Human Resources Department Human Resources 


King’s Meadow Campus Edgbaston 
Lenton Lane Birmingham 
‘Nottingham NG7 2NR 815217 


Tel, 0115 951 3262 Tet 0121 414 293) 
Fax: O115 951 5205 Fax 0121 414-4802 


Closing date: 5 March 2007. These posts are open until filed - review of 
applications from $ March 2007. Interview date: late March 2007. 


The Alfred P. Sloan Foundation 
President and CEO 


The Alfred P, Sloan Foundation, a philanthropic nonprofit institution, was established in 1934 by Alfred Pritchard Sloan, Jr 


then President and Chief Executive Officer 


of the General Motors Corporation. Headquartered in New York City, total assets 


of the Sloan Foundation have a market value of approximately 1.7 billion, 


The Foundation’s programs and interests fall into four major ares 
id Technolo, 


Performance; Education and Careers in Science 


please visit www.sloan.org, 


The President of the Sloan Foundation serves as the CEO of the or 
ight of Sloan’s programs, operations and investments. The President serves as an ex-officio member of 


tion; and provides over 


the Board of Trustees and works in collaboration with Sloan’s 


nd Economic 
information, 


Sciet 
and S 


-e and Technology: Standard of Living 
‘ted National Issues. For additio 


anization; is responsible for its overall leadership and direc- 


am Directors and Board to drive, establish, maintain and 


monitor a broad range of grant initiatives that support and further the organization's mission. 


The successfil candidate will bring a demonstrated record of accomplishment to the role of President and CEO of the Sloan 


Foundation. Ideally, this should include significant accor 


stated areas of interest: science, technology. industry rese: 


university et 


ronment, 


The Search Committee requests that all inquiries, nomi 


Sloan’s consultants at sloan(@ spencerstuart 


The Alfred P. Sloan Foundati 


lishment, distinction and leadership in one or more of the Foundation’s 
ich and effectiv 
capacity for intellectual depth combined with a proclivity toward action and accomplishment: and a hybrid 
ificant accomplishment in academe, research, business or science combined with an understanding 


demonstrated 
n individual with 


ations and applications with a letter of introduction be submitted to 


in is an Equal Opportunity Employer 
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MARTIN-LUTHER-UNIVERSITAT 2 


HALLE-WITTENBERG q 
Institute for Biotechnology at the Martin- 
Luther-University Hi 


Independent junior research group leader fellowship 
4 post-doctoral research fellowships 
4 PhD-fellowships 
‘The Institute for Biotechnology at the Martin-Luther University Halle 
\Witenberg has been awarded funding for a junior research group in context 
of the “InnoProfile" program by the German ministry of research and 
‘education (BMBF). The research group wil focus onthe development of 
‘Rew methods forthe generation of artical binding proteins for phamacevical 
{and indus applications (see Hey etal, Trends Biotechnol. 23, 514-522 
(2008). Ths includes the development of phage display and ribosomal 
the design and evaluation of highly stable 


well as local collaborative 
hip www exzellenznetzwerk-biowissenschaten uni-halle do). 


‘The candidates should have documented (group leader, postdoc) 


experience 
or interests in the generation of artificial binding proteins using phage 
isplay, ribosomal display, oF other display technologies. Furthermore, 


‘The insttute offers high end infrastructure fr the production of recombinant 
proteins and their biophysical characterization (X-ray, NMR, fuorescence, 
b,DRC, FTC and dete’ equpmant ere ena of prottprotn 


‘Appointments will be made at the level of E15 (group leader, of up to E 
414 (postdoctoral fellows) fr a period up to October 2011. Applicants with 
{ proven publication record In quality journals should send their CY, 
publication list and reprints of the three most important publications to 
Stating registration number 0 19/2006 Abteilung 3 - Personalamt der 
Martin-Luther-Univeraltat Halle-Wittenborg, Halle (Saale). 
‘Tho Martn-Luther-University Halie-Wittenberg is an affirmative action 
‘employer. Female scientists are specifically encouraged to apply for this 
positon Sutaby qualified disabled canddates wil he treated preferentially 


Closing date for applications 05.02.2007 


FACULTY POSITION IN APPLIED PHYSICS 


The Applied Physics Program at Caltech 
invites applications for one tenure track position 
as assistant professor. We are seeking highly 
qualified candidates who are committed to a 
career in research and teaching. Exceptionally 
well-qualified candidates may be considered at the 
associate or full professor level. In addition to 
applicants from traditional areas including device 
and/or materials physics we are interested in 
applicants with interdisciplinary backgrounds 
spanning these and other areas such as biology 
and chemistry. 


Interested applicants should submit an electronic application by 
Visiting http://www.eas.caltech.edu/search/aph. You will be 
asked to upload the following pdf documents: CV, research 
statement, three publications, and the names and contact 
Information for three references. 


The term of the initial appointment is normally four years, and 
‘appointment is contingent upon completion of all the require- 
ments for a Ph.D. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 
Division of Engineering and Applied Science 
Calc an Eq Oporanty Amat Acton per 
men muri ett and aed esta ec APN 


MMUNOLOGY 


Faculty-Level Positions 


Roswell Park Cancer Institute 


Under the leadership of a newly appointed department chair, Roswell 
Park Cancer Institute is committed to the expansion ofits Immunology 
‘program. The Department of Immunology invites applications for post 
tions equivalent to the Associate Professor (Associate Member) level 
‘Candidates must have a strong Immunology background with special 
interest in Tumor Immunology, to complement and broaden the expertise 
‘of existing faculty inthe department and strengthea the mission of the 
Insitute as an NCI designated Comprehensive Cancer Center. 


Selection willbe based on excellence in research, current peer-teviewed 
funding and potential o maintain an outstanding independent research 
program. The new recruits will have the opportunity to coatribute to 
the graduate education program at the Institute and to administrative 
responsibilities of the department. We encourage applicants who desire 
‘an environment that fosters interaction with a diverse group of scieatists 
‘and clinicians both within the Insitute and the State University of New 
York at Buffalo. 

Laboratory space in a newly opened 300,000 sq ft. Buffalo Life Sci- 
‘ences Complex provides a highly multidisciplinry environment, access 
to state-of the-art core facilites, and the opportunity fo interact with 
‘both rescarch scientists and research-oriented clinicians from several 
departments 

Applicants should send theie CV, description of research accomplish- 
ments and future research objectives and the names and addresses of 
three references to: Dr. Yasmin Thanavala, Search Committee Chair, 
Department of Immunology, Roswell Park Cancer Institute, Elm & 


EBPARK 


-RPCHis an Equal Opportunity and Affirmative 
“ation Employer 


Molecular Therapeutics of Cancer 
Tenure Track Faculty Position 
Dartmouth Medical Schoo! 

Norris Cotton Cancer Center, New Hampshire 


Dartmouth's Norris Cotton Cancer Cemter invites candidate applications for 
‘tenure track faculty position to join our expanding Moleculat Therapeutics 
Program. This Program comprises leading basic science, translational, 
and clinical researchers focused on the development of novel therapeutic 
strategies for cancer 


Weare secking an individual with a strong record of academic productivity 
and the potential to establish or bring an independent program focused 
oon the development of novel, targeted therapeutic agents for cancer 
Preference for this postion will be given to investigators with laboratory- 
based research programs that are atthe preclinical or early clinical stage 
of development. 


In addition to an appointment in the Cancer Center, 
member will receive ri 


1 recruited faculty 
FY appointment in an appropriate basic science 
{department of Dartmouth Medical School, and will have teaching clinical 
and administrative opportunities and responsibilities that reflect theit 
interests and institutional needs. Applicants with PhD, MD, or MD/PhD 
degrees will be considered for appointment at the asistant, associate, or 
full professor level 


Submissions should include a letter of intent, a curriculum vitae, namesand 
‘contact information for three references, and a brief description of prior 
research accomplishments and future goals. Application materials may 
mailed to: Christopher H. Lowrey, MD, Chair, Molecular Therapeutics 
Search Committee, c/o Ms. Brenda Berube, Norris Cotton Cancer 
Center, HB 7920, One Medical Center Drive, Lebanon, NH,037S6.OR 
E-mailed to: Brenda. K.T.Berube(# Durtmouth.edu (Note in subject line: 
‘Mol Tx #12979A), Review of applications will commence on February 
1, 2007 and will continue until the positon is filled. 


Dartmouth Medical School isan Affirmative Action Equal Opportunity 
Emplover and encourages women ad minority candidates to appl 


ASSOCIATE DIRECTOR OF 
RESEARCH RESOURCES 
‘SOUTHWEST NATIONAL PRIMATE 
RESEARCH CENTER 


The Southwest National Primate Research 
CCenter(SNPRC) which is located atthe South- 
‘west Foundation for Biomedical Research 
{SFBR) invites applications and nominations for 
the position of Associate Director of Research 
Resources, The SNPRC makes availble to the 
nation's researchers a varety oF unigue primate 
resources, inchuding the world’s largest captive 
tatboon population, pedigreed nonhuman pramate 
populations, and the largest chimpanzee popu- 
Tatton at a National Primate Research Center. 
Based atone ofthe nations leading non-profit 
independent rescarch institutes, the SNPRC Tas 
sptalized capabilities in genetic, virology and 
iinmunology, which are aplied wo investigations 
‘ofconimon diseases, infectious disemes, prenatal 
Sul postnatal growth and development maternal 
‘tron, vaceines and ant-vials, biodefense 
tin! behavior. ABSLS and ABSLA fits are 
aailable on site 
‘The Associate Director of Research Resources of 
the SNPRC is a hey member ofthe Center sci 
etic administrative sta wth primary respon 
Silty for therescarch activities ofthe SNPRC. 
‘The Associate Director willbe expected to foster 
collaborative research involving sce Based 
tthe Cente and at other institutions administer 
request to access Center resources, coordinate 
esearch activities and resources within the 
Center, manage the Centers training program, 
‘Mlministrreearch-telated committees, prepare 
_grantappications and progress reports, and over 
Se preparation of the Center's newskter and 
motional iterate. At east 80% of the 
© Direclor’s effort wil be devoted 10 
these and other administrative aetivities, while 
ny remaining effort willbe devoted esearch 
‘The Associate Director of Research reports tothe 
Director ofthe SNPRC. 
Applicants shouldbe independent highly moti 
‘ated sestarters whoareimeresed in beng pat 
ofthe song administrative tam that supports 
the innovative investigatory and research pro- 
‘rams thatare characteristic ofthe SNPRC 
Qualiiedaplicanssmast have a doctoral degree 
(64 PRD, DVM, M.D. ete and at leat 10 
Years of relevant profesional experience in 
esearch o ministration ata major univesty 
‘e nonprofit institution. The sucessful appl- 
ant will have demonstrated ability to funtion 
independently, excellent jaigment, oustanding 
‘managerial and organizational capabilities, 
Strong interpersonal skis andthe ability to 
‘work well with sient in developing esearch 
rogram and structuring research suppor. 
Locate in beautiful San Antonio, Texas the 
SNPRC offers attractive salary and benefits 
packages. Interested individuals should send 3 
Teter of interes resume, and names and contact 
{information for at leas three references to: Dr. 
‘ohn L, Vandetlerg, Director of the SNPRC, 
‘fo Director of Human Resources, Southwest 
Foundation for Biomedical Research, P.O. 
Box 760549, San Antonio, TX 7H245.0509, 
Aiiona information about the SNPRC canbe 
found atworwsnpreorg Additonal information 
aout SEBR canbe foundat wwwafbrorg Goto 
“wunsthrorgipages/emplavment posting php 
for addtional information about ths postion and 
application procedures 


Eidgendssische Technische Hochschule Zurich 
‘Swiss Federal Institute of Technology Zurich 


Assistant Professor of Bioanalytical Chemistry 


ETH Zurich invites applications for a faculty position on the assistant professor level 
in Bioanalytical Chemistry. Candidates with a Ph. D. and (preferably) postdoctoral 
research experience, prepared to build a strong program in areas such as bio-separa~ 
tions, mass spectrometry of biological systems, or biosensors (non-exclusive list), are 
encouraged to apply. Synergies with groups in the Departments of Chemistry and 
Biology, the Functional Genomics Center Zurich, and the SystemsX initiative in Sys~ 
tems Biology will be given particular consideration 


The successful candidate will be based organizationally in the Laboratory of Organic 
Chemistry / Department of Chemistry and Applied Biosciences, is expected to teach 
at all evelsin Analytical Chemistry, and to obtain competitively awarded, third-party 
funding for internationally recognized research with undergraduate, graduate, and 
postdoctoral students. Courses at Master level may be taught in English 


Assistant professorships have been established to promote the careers of younger sci- 
entists. The initial appointment is for four years with the possibilty of renewal for an 
additional two-year period. 


Please submit your application together with a curriculum vitae and a list of publi- 
«ations to the President of ETH Zurich, Raemistrasse 101, CH-Bo92 Zurich, no later 
than March 15, 2007. With a view toward increasing the number of female profes 
sors, ETH Zurich specifically encourages female candidates to apply. 


MUSC 


MEDICAL UNIVERSITY. 
OF SOUTH CAROLINA 


CHEMICAL BIOLOGY / MEDICINAL CHEMISTRY / PHARMACOLOGY 


ENDOWED CHAIR 
SOUTH CAROLINA CENTERS OF ECONOMIC EXCELLENCE 


‘The University of South Carolina (USC) in Columbia, SC, and the Medical University of South 
Carolina (MUSC) in Charteston, SC. are jointly secking applications and nominations for an endowed 
chair. Individuals with demonstrated expertise in the areas of Chemical Biology, Medicinal Chem- 
istry or Pharmacology, particularly relating to cancer, are encouraged to apply, The successful 
candidate will be an established scientist who has a strong reputation in research, has a productive 
record of publication and extramural funding, and is qualified fora tenured appointment at the level 
‘of Full Professor. The chair and associated laboratory spaces will be located at USC, with a j 
‘appointment at MUSC. The chair holder will play a key role in the growth and develo 
rescarch and drug discovery inthe State of South Carolina, He_she will be expected to particip 
professional and graduate education, and to maintain a nationally recognized, extramuraly f 
research program, 


[USC has undergone expansion of is biomedical research capabi 
spearheaded by the Center for Colon Cancer Research, MUSC has several Centers of Economi 
Excellence, including the Center for Drug Discovery, and is likewise experiencing rapid growth in 
its research environment. State-of-the-art core research facilites exit at both institutions, fostering 
8 \ariety of collaborative research efforts and interactions 


Interested candidates should submit curriculum vitae, statements of research interests and accom- 
plishments, and the names of three references (o: Dr. Sondra Berger, Department of Pharma- 
ceutical and Biomedical Sciences, University of South Carolina, Columbia, SC 2920 (email: 
bergers@'cop.se.edu). Nominations arc also welcome. Review of applications will begin on March 
1, 2007 and will continue until dhe position is filled, 


The University of South Carolina annd the Medical University of South Carolina are 
Afirmative Action’ Equal Oppornmity Emplovers. 
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Max-Planck-Institut 
fiir Meteorologie 
Max Planck Institute for Meteorology 


The Institute with its three Departments (The Atmasphere in the Earth System, The Land in 
the Earth System, The Ocean in the Earth System) is committed to basic research on clima- 
te and Earth system science (httpy/wwwmpimet.mpg.de). The Institute has an opening forthe 


poston of 
Director and Head 


of the Department The Atmosphere inthe Earth System to succeed Professor Guy Brasseur 
The position is equivalent to a tenured full professorship at a German university. There are 
no teaching obligations; however, the Institute participates in various teaching activbes at 
the University of Hamburg and joint with the Universty of Hamburg runs a Ph. program, 
the /nternational Max Planck Research School on Earth System Modelling 


{mn this context the Max Planck Institute for Meteorology organizes a symposium 


Atmospheric Processes in Earth System Dynamics 
in Hamburg on 23-28 April, 2007 
The Max Planck Society is an equal opportunity employer and specifically welcomes appli 
Cations of female scientists. The Max Planck Society is committed to employing more han: 
dicapped individuals and especially encourages them to apply 
Scientists interasted inthis position and in participating in the symposium are requested to 
submit the title and abstract of a possible presentation, a summary of their research plans, 
‘CV, and the list of publications before 28 February, 2007, to 


Max Planck Institute for Mb 
Prot. Dr. Martin Claussen 
Bundesstrasse 53 

20146 Hamburg, Germany 
‘martin.claussen@zmaw.de 

Participants in the symposium will be notified before 31 Merch, 2007, 


or 


DIRECTOR, INSTITUTE OF MARINE AND COASTAL SCIENCES 


Auxgr.The State Univer of New Jr. sees an imgatve and singed sent wth strong leadership sis for 
the positon of rector ofthe tit of Marne and Come Seances (MCS) 


‘The Director wil develop 2 vision and strategie pln forthe Instat tha wl nox nly trance ts cree leadership roe 
lnmarne and coal wiences worldwide, bi wil alo entance the ntermatonpromnence othe entre spect of sid 
{elds a Rutgers, ncding earth, ocean, stmospher, and enronmena sciences The Decor wl promote sn megrced 
progam of research elation and service nthe tte. 


Augers. New Jerseys comprehentivepuble research unverity and member ofthe Anocaton of American Unverties 
(AAU) is one ofthe nan’ eldest and ares ratutons of higher education. IMCS a mul-dscplnary research tate 
‘wh ditnguahedIncuy from a varity of departments a wbitnta profesions sell and + demonstrated record of 
cquring compete exter und It hat 1 wong adem repuaton and foster oe of the top-ranked marc toence 
propam the cowry Pret research sree nude ocean ecalogleviton bogeoc ern ry OCEAN coven aor eS 
‘2eein modeling and dinate change The hate mani 3 ty 9 New Bruntwick cove to New York Gy aod New 
Jerteys natal area, and sports several Geld stone slong the cout ad the Pr Barens Raper! wiion for tt 
falsbortve, mui-dscpinary program eles a tong commément of art new rroures meudng sein 
fay and anew bung 


“Te sary range for this senior tenured fcuty postion competitive commentrate with experience 2nd questions. 
Candchtes ae expected to provide evidence of exceptional schorly accomplahmers in research and teaching, 
‘dminitrateacheverentand demonstrated adept tthe loc nations and eternal evel Nomationt are 
welcome. o ensure il consideraton.2 norsraion or 3 ear of rearest and caret vane shoul be set to Ov adres 
{low by March 15,2007 Review of nomnaton and ppieatons wi bega mmedatey and wil conta set the poston 
Is led At correspondence wil be hel in cnkdence. 


11 Dudley Road, New Brunswick, M] 08901 
Email imesdirectorftaetoprutgersedu Phone: 732-932-6555, x511 


For more oforation goto heepimarine rutgerseda. An Aicmasve AcsonEiga! Oppoctnty Employer 


Get the experts 
behind you. 
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NIEHS 
ES pena 
7) fl 
Department of Health and Human Services 
National Institutes of Health 
National Institute of Environmental Health Sciences: 
Research Triangle Park, North Carolina 


Editor-in-Chief 


The National Institute of Environmental Health Scienoesis commencing 
‘a search for the next Editor-in-Chief of Environmental Health Perspec 
tives (EHP). EHP isa peer-reviewed monthly science journal, publish 
ing a wide range of topics related to the impact of the environment on 
health and disease. The journal has an impact factor of $.34 and ranks 
first among 132 environmental science joumals and among 90 public. 
‘environmental, and eceupational health journals. The journal is intema- 
tional in scope and is distributed in 190 countries. The Edi 
‘Committee seeks to identify an active scientist in field related to the 
environmental health sciences and with previous editorial experience 
The objective is to identify the next Editor-in-Chief by March 1, 2007, 
‘This individual will then begin working with the I 

staff to complete the transition by July 1, 2007, 


LLettersofinterest and plans for EHP, along with curriculum vitae, should 
bee submitted by February 1, 2007 either electronically or by mail to: 
William J. Marti 11, M.D, 
National Lnstitute of Environmental Health Sciences 
PO Box 12233, Mail Drop 82-07 
Research Triangle Park, NC 27709 
E-mail; Hoyd3a@ nichs.nih.gov 


IXSp, 
DHS and NI are Py 
Equal Oppornmnity Epler. 3DB 


UNIVERSITY OF KENTUCKY 


Tenure Track Faculty Positions 
in Toxicology 


The Graduate Center fi 


Toxicology (wwwme.uky.edu/ 
toxicology), a basic science department in the College of Medi- 
cine, University of Kentucky, invites applications from candidates 
for up to4 faculty positions atthe level of Assistant oF Assoc 
Professor. Expertise is sought in areas that complement and extend 
current foci in DNA repair and mutagenesis, oxidative stress and 
resistance transporters. Areas of special 
interest include oxidative stres-mediated DNA damage, redox- 
‘mediated mechanisms, cell signaling, and the rote of (nuclear) 
receptors in regulating gene expression, The UK Medical Center 
ant campus with annual extramural funding exceeding 
200M; the College of Medicine is ranked 31* in NIH funding 
ong public universities, and offers highly interactive. state of 
the art core fuclites. Generous start-up funds, competitive salary 
and modem laboratory space are available 


Applications, including a complete curriculum vitae, names of 3 
references and a 3 page summary of accomplishments and future 
directions, should be sent to: University of Kentucky, GCT 
‘Search Committee, c/o Ms Lida Simpson, Graduate Center for 
‘Toxicology. 306 HSRB, 1095 VA Dr, Lexington, KY 40536-0305; 
Melay@uky.edu. Review of applications will begin immediately 
nd continue until the positions are filled 


The University of Kentucky is an Equal Opportunity Employer. 
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[=] UNIVERSITY 
&Y of TORONTO 


University of Toronto 
Terrence Donnelly Centre for Cellular and 
Biomolecular Research 


‘The Terrence Donnelly Centre for Cellular and Biomolecular 
Research (Donnelly CCBR) at the University of Toronto invites. 
plications to fil ive Principal Investigator positions. 
Appointments willbe at the rank of Assistant Professor in the 
tenure-stream, in a host Department that best sults the 
‘ecruit'sflld of interest. Exceptional candidates with more 
‘senionty wil also be considered. 


‘The Donnelly CCBR is a new, interdisciplinary research centre 
at the University of Toronto [http:/tdeebr.med.utoronto.cal} 
When fully eccupied, the Donnelly CCBR will house 35 
principal investigators working on functional genomics, 
proteomics and bioinformatics, chemical genetics and 
‘genomics, stem cell and systems biology, bioengineering, 
regenerative medicine and molecular imaging. The Donnelly 
CCAR is located in the heart of Toronto's research district, 
which is one of the largest and most active biomedical 
‘esearch communities in North America. The research 
philosophy of the Donnelly CCBR is to make use of open 
‘concept laboratory space to foster unconventional interactions, 
‘among disciplines. 


‘The areas we sock to augment with our new positions include: 


1. chemical genetics (high throughput screening of 
‘compounds and other bioactive reagents for 
biological analysis) 

2. igh troughput cel biology arge-scalo RNAI- 
based sereans In mammation call systems 
Genome-wide screening approaches in model 
‘Sxpanisms) 

3. enabling technologies (maging of collar 
Processes, automation, microfluidics) 

4, Systoms biclogy (mathematical modeling of 
dynamic biological processes, including signal 
transduction pathways, developmental biogy. 
‘ene regulatory networks; metabolomics; funcional 
‘enomies; computational and quantitative biology) 


Candidates must have a Ph.0. dogree or equivalent, 
Postdoctoral experience, and an established record of 
esearch accomplishment in a cognate scientific discipline, 
‘The successful candidate wil be expected to mount an 
cxigina, competitive, and independently funded research 
‘rogram, and to have a commitment to undergraduate and 
Graduate education in a relevant academic department atthe 
University of Toronto. 


Nanoscale Biosciences 
and Engineering 
Tenure-Track Faculty Position 
The University of Maryland Biotechnology Inst 
reernesciscn tule (UMBN and University of Maryland Colleg 
Park (UMCP) invite applications fora tenure track position at the level of 
Assistant Professor. UMBI and UMCPhave initiated a new mult-isciplinary 
: es and Engineering Faculty from the 
[Center for Biosystems Research (CBR: http:/iwww.umbiamd.cdu/=che) 
and the Fischell Department of Bioengineering (UMCP-Bio€, http:/wwv. 


‘engineering, pathobiology and 
rials BioMEMS, cellular and tissue engineering, biomechanics 
and drug delivery at UMCP-BioE 


APh.D. in the general area of nanobiotechnology is required, The successful 
applicant will have demonstrated exceptional accomplishinents and promise 
in a research and teachin rates nanoscale eng 

are not limited tothe inte 

of e lecules for detection, development of nano-bio- 
molecules for use in imaging and drug delivery im living systems, the use 
of biological systems or cotnponents forthe harvesting of sola or chemical 
energy, and the engineering of self-assembling bio-composite materials with 
novel nanostructures and functions 


The investigator is expected to build a competitively funded research group 
within the setting of an interdisciplinary research institute located on a large 
university campus inthe Washington, D.C Baltimore metropolitan area. For 
ation, submit letter of application, curriculum vitae, a descrip 
hand teaching interest, copies of pertinent reprints and three 
rence by February 23, 2007 to: 
Faculty Search Con Position # 300893 
cbrarchia umbkumd.eda 
UMBI is committed w Affirmative Action and Equal Opportunity Employmen. 
As rsquired by the 1986 Imi 


ship or allen status, an heir aut 


UCIrvine 


Assistant/Associate Professor 
Microbiology and Molecular Genetics 


¢ Department of Microbiology and Molecular Geneties atthe Univer: 


sity of California, irvine is seeking applicants fora faculty postion atthe 
Assistant or Associate Professor level, depending upon qualifications 
Wescek applicants with Ph.D.,M.D, of M.D/Ph.D. degrees, significant 
postdoctoral experience, and an established record of accomplishment 
in research demonstrated by excellent peer-reviewed publications. A 
strong commitment to the development of @ vigorous and innovative 


independent research program supported with extramural funds, the 
sigorous ‘of graduate students and instruction of graduate and 
medical students is essential, We are especially interested in two broad 
areas of research focus: (1) gene expression studies in systems ra 
ing from prokaryotes through mammals, including transcriptional 
and or pos-transcriptional regulation; small RNA biology, or molecular 
genetics genomics; and (2) molecular biology of infectious diseases, 
molecular genetics of bacterial, viral, fungal ar parasitic infec 
actions and host 


includ 


tions; molecular and cel bi 


zy of host pathogen 
response to infocto 


Please send curriculum vitae, summary of research interests, and names 
of theoe references to: Dr. Bert L.. Semler, Faculty Search Committee 
‘Chair, Department of Microbiology and Molecular Genetics, School 
of Medicine, University of California, Irvine, CA 92697-4025 


University of California, Irvine has an active carver partner 
rum and an NSF ADVANCE Prosgram for Gender Equity and 
is an Equal Opportunity En 


mer committed to excellence through 


diversity. All qualified candidates, incluling women and minorities 


dito apy 


wareness, 
or branding your 
organisation, don't 
miss the opportunity 
to beseen inthis 
issu 


Issue Date: 
2March 2007 


Booking Deadline: 
13 February 2007 


Contacts: 
Tracy Holmes, Christina 
Harrison, or Svitlana Bames 
ads@science-int.co.uke 

+44 (0) 1223 326500 


WHO HAS 


~3,200 


JOBS 


UPDATED 
DAILY? 


We know science 


2 Great Career Events 


jenceCareers.org, 


Science /UCSF Making the 
Biotech Industry Most of Your 
Career Fair Career Fair 


(in partnership with 


a 


{AAAS Annual Meeting) Attending the career far? 
Maximize your experience by 

Science Careers and UCSF are co-hosting a first leaming how to market 

career fair in conjunction with the upcoming yourself at our free seminar. 

‘AAAS Annual Meeting, Come meet recruiters, 

face to face and explore creer opportunities Tuesday 13 Febriary 2007 

for al levels of scientists. Spm'—reception to folow 
UCSF Mission Bay Campus 

For information on exhibiting, contact 

Darrell Bryant at (202) 326-6533. ‘More information on these events at 


Thursday, 15 February 2007 www.sciencecareers.org/ucsf 


pm—4:30 pm 

UCSF Mission Bay Campus 
Robertson Auditorium, 
San Francisco, CA 


We know science 


National Phenology Network, The U.S. 

for an Ecologist wo serve as Executive 

Director forthe USA-National Phenology Network (NPN). The 
%, ‘science fora changing world NIN is an cmerging and exciting partnership between aca 

ats « cs federal agencies, and the pencral public o monitor 

and understand the influence of seasonal cycles on the Nation's resources. The NPN will provide 

your next ‘henological infrmation at Toca to contincal scales that ean be used to (1) understand the role 

ofthe timing of lifecycle events inthe biosphere and (2) guide a wide ange of practical decisions 

‘made routinely by individual citizens, industry, govemiment, andthe Nation ws a whole. USGS and 

career the University of Arizona (UA) have agreed to provide base support forthe NPN inthe form of a 

National Coordinating Office based atthe UA in Tucson, AZ. The Exceutive Director will have an 


move? ypornaly for eu: Cculy su. Tee Essrave Divoaoe wl itract cosy wth be NPN 


Board of Directors, which includes scientists from different agencies and universities representing, 


related disciplines and participating networks. 


ir Through the leadership ofthe Executive Director, the USA-NEN will espond to the needs of the 

* Job Postings USGS and other agencies within the US Govemnment, while serving as a nucleus for research and 

applications in the broader scientific and user communities. Critical duties include securing funding 

© JobAlerts {te network implementation, extending phenological obcrations across existing envionment 

‘s networks through negotiation and interagency agreements, directing data management, and coor 

Resume/CV inating integration of pata, analytical an mat dato achieve the walaasvallobjetven 
Database this continental network 


© Career Advice Requirements include U.S. citizenship, a PLD. inthe Natural Sciences; 
and of scientific leadership of regional o national monitoring and research projeets; experience in 
from Next Wave ‘multi-agency coordination and public outreach; proven record of gransmanship and peer-reviewed 
publications: Jcsredtechnical know ledge and experince im spatial analysis, including emote sensing. 
* Career Forum data management and network development, and forecasting models based on ecologicaleny ion 
‘mental observations; and experieace in managing personnel. 
‘The position isa GS-14 or 15 (salary range $87,533 -$133.850) depes 
Get help from the experts. isan Equal Opportunity Employer. To apply, picase visit www.usajobs.opm.gov (Announcement 
Number: WR-2007-0160). Applications will he accepted through February 9, 2007. For informa- 
‘oa about theapplication proces, please contact Cathy Shahan 680 329 4108, eshahaniausgs.gov 
For information about the job, please contact Robert Szaro, Chicf Scientist for Biology, USGS 
at (703) 648-4060 or rszaro@usgs.gov. For specific questions about the NPN and the Nationa 
Coordinating Office, lease contact Julio Betancourt, Senior Scientist, USGS at (820) 670-6821 
www.sciencecareers.org ext. 107, jIbetancia usgs.gov 


POSITIONS OPEN 


NEUROBIOLOGY FACULTY POSITIONS 
University of Maryland School of Medicine 
Baltimore, Maryland 
‘The Department of Anatomy and 
(website: 


research programs in euroncence, We ae mteeted 
in candidates who wse mulidcphnary appeoaches, 
to understand the fincton or plasty of the ner. 
‘ts spe, OF particular interest are candies 
that complement exiting suengihe i the Depar 
ment, inhaling modiated behavior nd addition, 
‘uot, tem moka and developmental neuro 

“The Deparment contains new, state-of the-art 
laboratork and core faites. We afer an outstand- 
ing nc at corte emt with 
Al Department faculty are members of the Gray 
Ste Program in Life Scences and the incerdiac 
pinay Program in Neuroscience (webaite: Betp// 
neuroscience.umaryland.edu 

“Applications recched posted by March 15, 2007, 
wil" receive strongest consideration. Candidates 
Shout submit the following as PDF fics to ema 
faesearch@umarylandedu (1) dca! curcaln 
‘ic, (2) statement of research interests and goal 
Sint (4) names and contact Information for three 

he addres 

. Munger, Ph.D. 
bind Patricio O'Donnell, Co-Chair, Fact Search 
Comite. 


NEUROIMAGING FACULTY 
Department of Neurosciences 
‘College of Medicine 

Medical University of South Carolina, Charleston 

“The Department of Neurosciences atthe Medica 
‘University of South Carolina (MUSC) invites appl 
cations tenure-track Tully postion in the 
‘eneral area of human brain imaging. This position 
Sere a compete and generous startup package 
and provides a unique opportunity to use the basi: 
And Clinical imaging resources at MUSC: to grow an 
area of advanced imeralicphinary research based on 

man bain imaging. ‘The faculty member (AS- 
STANT, ASSOCIATE, OR FULL PROFES- 
SOR) will osely collaborate with basi and cinial 
neuroscientists, other MUSC: researchers from the 
‘Center for Advanced Imaging Research (CATR) and 
imaging researchers through the statewide Brain 
Imaging Center of Excellence. The position requires 
an MLD. and/or Ph.D., a evord of extrmmural grant 
Funding in the arca of human brain imaging, and 3 
slemonstrated ability to work with an ineriphinary 
research team. Depenahing on the candite's interests 
arnt qualifications, the succesfl candidate may also 
{assume the postion of CATR Director and/or oxcupy 
an endowed Chai 

Review of applications will begin on Febeuary 1, 
207, at con al he pon le. ook 
ants" must apply online at_ website: http://www. 
musc.edu/hem/careers/faculty.htm (position/ 
requisition ‘number 041747). Your online application 
for thi posiion should ako indude curicubim vitae, 
the mams and contact information of at east three 
references, and a conce letter expreming Your qual 
ifkations and statement of research aneress ached 
to: Mark S. George, M.D., Chair, Neuroscience 
Imaging Search Committee, Department of New- 
rosciences, Medical University of South Carolina, 
173 Ashley Avene, BSB 403, Charlton, SC 

25. 


nations of qualified individuals are also wel: 
come, The nominee's carrculum vitae should be sont 
‘via email to: Mark George, M.D, Chair Neuro- 
science Imaging Search Commnitice, c/o Cheri 
Kubalak at email kubalake@musc.edu- 

USC t an Equal Employment Opportunity /AMfionstie 
Acton Employer. 
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PROFESSOR AND CHIEF, ANATOMIC 
PATHOLOGY 
Uni ‘of California, Irvine 
Department of Pathology and Laboratory 
‘Medicine 
The University of California (UC), Irvine, 
Department of Pathology and Laboratory Med- 
icine, website: rwew-ucihs.vei.ede, 


Shology ertes appbssner be tie oe 
‘Sontor Ghat of the Drtion of Antot 


Pathobogy 
"The faccofel applicane wil bean accor 
plsbai, American Bean! of Pathology cred 
Sergcal Pathologist and/or Cytopathologis 
who. must hokd or be eligible for a medical 
icense in the state of Calforia, Appicans 
sol pone domo fainby se 
for guiding an academic anaton " 
{Beup that curenty indies cleven ely op 
{rating in a pencralot/spocist hybrid moe. 
i ieandcipated thar the appointment wil be 
tt the FULL PROFESSOR level, Appoint 
iment wall be in the profesional tack (i, 
Tenure; Profesor of Clinical Pathology OF 
Clinical Professor) that best matches the ual 
ications of the sevens candhate 

The appsoee wi om 2 wate ofthe at 
Deparimcnr with diverse diagnontic serices 
teaching and basc/clnial rscarch acthtes 
UC tine Metal Centr ie tray hospital 
dex the cnlyacalemic medio cemer in Orange 
The Department provides diagnoste 

services to UC tine Health System patent 
induding those of the UC Irene Chikieen’ 
Hospital and the Chao Family Canecr Center 
(an NCI designated. comprehensive cancer 
enter), and also proves feferral services to 
nore than 76 regional hosptas. The Depa 
nant hows an Acaritaton Cound fr Grad 
are Medial Education accredied residency 
traning program in anatomic. and clic 
Pathologt, with establaed lows in 


rourages scholarly develop: 
‘ment of physicians-in-training 

‘Candidates are invited to submit their currc 

tuum vitae and names of four references t 
‘Anatomic Pathology Chief Search Committee 
¢/o Julienne Jose (e-mail: josejm@uci.edu) 
Department of Pathology and Laboratory 

‘Medicine 
D440 Med Sci 1 
University of California, Irvine 
Irvine, CA 92697-4800 

The Unity of Calon, Inne has an ave 
ener poner pre and st NSF ADVANCE Do 
spam for Gender Esty nd isan Eigasl Oppoonty 

Tinplyer commen eure teh diay 


POSTDOCTORAL FELLOW IN VASCULAR 
‘DEVELOPMENT AND FUNCTION 
University of Cincinnati 
Department of Molecular Genetics, 
‘Bochemistry, and Microbiology 

AA Postdoctoral postion is aiable in the aca 
sasclar development and function, A major focus in 
‘ur labortory centers around the wanscription fc 
tor KLEZ whch is mobed inthe function of mul 
tiple timacs facing the voocular sywcen, This 
Uumctipton factor is induced by shear see and 
prea protect epsinet lion feemation, We hr 
<Ercloped boc starsard and condiional knockouts 
for studying the roe of KLF2. The training cairon 
ment with the Departments outstanding with 24 
faculty, 43" graduate students, and appeoaimatcly 
‘sal humbct of pondocrord flows. Infested ca 
‘Bites shoud send thar resime tc: Jory B Lingre, 
Ph.D, Profesor and Chair atthe Department of 
Molecalar Genetics, Riochtaistry sd Microb 
‘logy, University of Gincnnat Colle of Bed. 
fans 231 Albert Sabin Way, Cinctinat, OH 
45267-0524 or ema jerm ling uc. 


MILLER 


SCHOOL OF MEDICINE 
UNIVERSITY OF MIAMI 
FACULTY POSITION 
‘Molecular and Cellular Pharmacology 
The Department of Molecular and Cellular Phar 
macology at the University of Mami Miller School 
‘of Medicine is secking applications for a tenure: tack 
FACULTY POSITION (rank open). Candidates 
must have a Ph.D. and/or M.D. degrcs and have an 
‘stablished record of esearch excellence. Applicants 
from all ares of molecular /cellular biology and 
biomes rsa are welgme, The new fal 
rember will complement existing research ctor 
the Department Rank and salary wil be commen 
Surate with experience. Generous laboratory spac 
Sd startup fans ae available 
‘Applicants should send electronic and hard 
of their curriculum vitae, statement of res 
interests and dvetion, and contact informa 


(c-copics) and to: Dr, James D, Potter, Search Com 
mittce Chair, Department of Molecular and Cel 
lular Pharmacology, University of Miami Miller 
School of Medicine, P.O. Box 016189, Miami, FL, 


33101, 
Ay Fig Oppomunity/Afirmatve Action Employer 


FACULTY POSITIONS AT THE, 
UNIVERSITY OF VIRGINIA. 

A newly established Center for Molecular Desig 
‘emphasizing the identification and usage of new chem 
teal tals, together with the Department of Pharma: 
‘cology, seek to fll wo ficuty positions (open rank), 
Individuals conducting research in the broad areas 

logy and drug discovery of n 
receptors of other drug targets are encourage 
apply. Ph.D. required in pharmacology, chemistry, 
inochemistry, oF related discipline, The siccesshil 
applicant will be provided with an attractive startup. 
package, including laboratory space within Pha 
macology (website: hetp://www.healthsystem, 
Virginia.cdu /internet/pharmacology/) axl access 
to core facilities. To apply send curricolum vitae, re 
scarch plan with names and addresses of at least three 
references (including e-mail address and telephone 
number) to: Pharmacology Search Committee, De- 
partment of Pharmacology, University of Vie- 
‘gina, P.O. Box 800735, Charlottesville, VA 
32008-0735 (e-mail: pharmsearch@virginia, 
‘edu). Review of applications will begin January 15, 
2007; however, the position will remain open until 

hed” The Uninet of Vagina +a gual Oppernnity 
Afimatve Action Employer 


ASSISTANT PROFESSOR OF BIOLOGY, VIS- 
ITING TWO-YEAR POSITION, Lawrence Un 
versity, an_undergraduate liberal arts college, socks 
applicants for a fulltime, owo-year Visiting Asistant 
Profesor in biology to bein September 2007, Teach: 
ing responsibilities inchade general zoology and up 
pper level courses which might include vertebrate 
morphology, developmental biology, genetics, vor 
futionary biology, oF an appropriate course in the 
‘candidate's area of expertise. Most courses have both 
lecture and laboratory components; teaching load 
is one laboratory course per term (three terms per 
year). The successful candidate will have aecess (0 
2 well-equipped laboratory space and. funding. for 
research involving undergraduate biology majors 
Lawrence offers a competitive salary’ and beni 
Application deadline is February 15, 2007. To apply, 
send curriculum sitsc, statements of teaching phi 
losophy and research interests, undergraduate and 
‘graduate transenpts, and three letters of refere 
to: Brad Rence, Chair, Biology Dey 
Lawrence Univensty, Appleton, WI 54912, E-mail: 
jxb@lawrence ed. Alfie Alcon Equal Opp 
taaty Epler 


www.sciencecareers.org 


Call for Research Proposals 


"Ajinomoto Amino Acid Research Program" 


Amino acids serve multiple roles in the biological system. Ajinomoto Co., Inc., which is the 
leading company on the production and uses of amino acids worldwide, is interested in 
‘supporting innovative research focusing on the biological aspects of amino acids, such as 
nutritional, physiolosical and/or pharmacological functions and properties. 


Research proposals are invited for the following support categories: 
@ Exploratory Research Grants : Maximum of $100,000 per year, up to 2 years 


Young Investigator Research Grants : Maximum of $100,000 per year, up to 2 years 
Investigators who are within Syears as independent investigators by the deadline of full applications are eligible for 
young investigator category. 


Applicants must submit a pre-application to be received no later than 15th March 2007; 
full applications must be received no later than 1st August 2007. 


For more details and instructions: 
http ://www.3arp.ajinomoto.com ® 


3arp@ajinomoto.com 


Ajinomoto Co., Inc. is pleased to announce 
the recipients of the 3ARP grant 2006. 


Ajinomoto Co., Inc. appreciate the interest and participation of a large number of 
scientists. We received over 150 high-quality proposals from around the world for this 
program in 2006. After extensive review and deliberation, the following 6 proposals were 
selected for funding. 


Exploratory Category 
Tao Pan, Ph.D. (The University of Chi 
‘Amino Acids as Sensors and Regulators of Global Metabolic State 


Pengxiang She, Ph.D. (Pennsylvania State University) 
Mechanisms by Which Mice Lacking BCAA Catabolism Improve Glucose Homeostasis 
Robert A. Harris, Ph.D. (Indiana University) 
Exploratory Study on the Metabolic and Neurological Defects Induced by Chronically Reduced BCAA Levels. 


Focused Category 


Charles C. Horn, Ph.D. (Monell Chemical Senses Center) 
Mechanisms for Detection of Amino Acids by Sensory Nerve Fibers of the Gut 
Teresa A. Davis, Ph.D. (Baylor College of Medicine) 
Parenteral and Enteral Leucine as a Nutrient Signal to Stimulate Protein Synthesis in Neonates 
Scot R. Kimball, Ph.D. (Pennsylvania State University) 
Leucine-Induced Assembly of an Activated Subcellular mTOR Signaling Complex 


Jareers.org 
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POSITIONS OPEN 


[ASSISTANT/ASSOCIATE PROFESSOR 
Neurophysiology/Neuropharmacology 
“The University of Montana 
Applications ae invited for a tenure-track faculty 
ppontion at the ASSISTANT or, ASSOCIATE 
PROFESSOR evel in the Dspartment of Bio 
redial and Pharmaccurcal Sciences to strengthen 
research and ada education in central nervous 
‘stem (CNS) physiology and pharmacology 35 part 
Of an NIH-fundtl Center for Biomedical Rescarch 
iscellence (COBRE) in Structural and Functional 
froscence (CSFN), Rexarch wrength inthe 
Center indude CNS. protein seructure/function, 
spice newbraneiter sapere 
brane protein brophysce and optics, and cu 
pathology. Succewshl candidates wl be expocted 
Esabli'a vigorous exterally fnded nscaich pe 
gram in the aca of CNS physiology and/or phates 
ology supervise pacatc nudenes aed be coramined 
to teaching excellence at the graduate and under 
sraate levels, Applicants must have a doctoral de 
Etc and han psioora reach cnc 
Competitive artup package is avalable- Applications 
receive by April £5, 2007, wil receive fall consider 
tion; review wll continue unt the postion filed. 
More tall information about ‘escarch in the 
ESE may be obtaina fron webles harpe//wwr. 

wut esi, 

The Skaggs School of Pharmacy, which wil om: 

gle’ new 60.000 agua rach Fy 
007, rankcl sath in NIH: funded escarch amongst 
US, schools of pharmacy ani art ofthe University 
of Montana campus in Missoula. This cosmopottan 
Rocky Mountain community of 70,000 hat been 
single out in ational pabiations fo ts high qual 
Of if ‘Abundant recfeatonal oppor 

rounding state and national forces inching Ye 
lonstane and Glace Natonal Parks complement 3 
theming intelectual stoner 

jpn shal end eer fap 
plans ad teaching interes, and contact information 
forthreerfoences to: Michael Kavanaugh, Ph.D. 
‘Chair, Center for Structural and Functional New: 
torclence Search, Department of Biomedical and 
Pharmaceutical Sciences, The University of Mon- 
tana, Missoula, MI-89812-1552, 


The University of Montana is the resipient of an 
NSF ADVANCE award focused on increasing the 
presence of women in science, ipl Opportonty 
AMfimative Aion Lingo 


BIOMEDICAL IMAGING FACULTY CLUS 
“TER. The University of Wncenin, Mivaukee (UWM), 
invites applications for TENURED or TENURE” 
"TRACK FACULTY postions a open rank as part 
‘fan interdaciphinary Chster in boenedical imaging. 
UWA expects to hire four to sit Biomedical Imag 
ing Faculty within two years Applicants with exper. 
tae inal areas of bm Imaging are welcome, 
medial image aa molecu, emerging. art by 
brid imaging technics ae of parla ners. Ca 
sides have camped 2 PhD. an/or MLD 
Alegre in an appeoprate fel of study, a wi 

expected to catabsh an independent, extramuraly 
funded research program, For senior candats, 8 
strong tack reco of scenic publication and Cx 
tramural finding fs expecta. Succes candadates 
‘sill oun appropriate soknce and engineering de 
Parents; Joint appointments are Fenile. Cand 
{ite shou some cuercum sac 3 tie esearch 
pilin, and nam of at ast three references eto 
{oi ca omens a 
Gomme, ‘Unerhy of Wiconde ironic, 
Deparment of Physics, P.O. Box 413, Milwaukee, 
WI'83201. Appltaion recs ll gin on eb 
tay 18, 2007 and continie unt all posgons arc 
filed. UWA offirs competitive salary ant samup pac 
ges, commensunte with eaperonce, Further in- 
formation abot UWAL maybe found 3t website: 
Intp:/ /worwestwmd CHEM ion El Opp 


nity Atfstive on amply 
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RESEARCH LEADER 
INTERDISCIPLINARY: SUPERVISORY 
RESEARCH PLANT PATHOLOGIST/PLANT 
PHYSIOLOGISI/GENETICIST (GS-14/15) 
Salary Range of $87,533 to $133,850 
‘The Grin Legume Genetics and Physiology Re 
search Unit, Pullman, Washington, i sccking 3 pet- 
‘manent fulitime Rekarch Leader. The succesful 
‘Sanudate wl prone sccetic Ieadcrbip and cpr 
Sonal management foe the rexcarch nit oa contact 
‘Perumal esearch on physiology, pathology, and/or 
fenctics and Breeding of cool season fon! legumes 
Contributing tothe development of impeoned germ 

plasm and cultivar. For detail and application site 
fons, sce announcement number ARS-X7W.0077 at 
website. hatp://rwww-afmanusda.gon/divsions/ 
Hird index. hemi. To havea printed copy mal, all 
Meplone: 09385-8663." CScoubip he 
‘uired. Announcement sloxes March 5, 2007, Appl 
‘Stions muse be received by the dosing date of the 
announcement. USDA/Aquulnsal Roeach Sone an 
{Equal Oppormny Empire and Prete 


BIOINFORMATICS CORE DIRECTOR 
POSITION 
Available at the University of Vermont 
Department of Biology 

Available now: faculty-evel appointment as a 
RESEARCH ASSISTANT PROFESSOR in bio 
informatie at the University of Vermont through 
the Vermont Genetics Network (VGN) (website: 
Ihap:/ /www.uvm.edu/—ygn/.) VGN an NIH. 
funded sate program for building, biomedial re 
search infasructure."The succes candidate wil 
foverce and participate in the data analyis of the 
Bioinformatics Core, which assists faculty from acrom 
the wate with microarray, genomics, and prot 
mass spectrometry data aalyas. The Dafector sul 
‘work with UVM and baccalaureate ination culty, 
2 stat systems anal, proteomics and microarray 
fsclty managers, and an educational progratn co 

who amits undergraduates with mito 

fay, bioformatics, and proteomics experiment 

‘Requirements incade 2 Ph.D. in bisinformatics, 
proteomics, molecular biology, of a related fed 
fwith Background and interest in genomics and 
Proteomic 

‘Candidates should apply ooline at_ website 
huxp://www.uymjobs.com under requstion nu 
ber 031737 and include a cover Ketter highlighting 
‘Key gualiications and interests curriculum tae, and 
a lst of thece referenccs 

The University of Vemont ian Afimatve Ain Epa 
OpporntyTampoyer The Dapaimen 1 ome 3 
ingen woe aso oon women 
inl ndemproemd rb, ral, and dal gg and 
fom pope wth daa 


POSTDOCTORAL POSITION. A Postdoc 
toral position funded by the National Institutes 
Hath is salable, to study the roles of tsi, 
wicca, and protan groune phorphauses in 1 
Iition of vasculs smooth mustle cell signaling and 
‘ncointima formation i vascular injury. Our peojects 
Sukdres important base science questions aa alo 
fave relevance to clnal probleme Experience in 
molecular biology and/or tat and mouse surgery is 
‘sscntal. Competitive sary is offered 

Please send curriculum vitae and the names of 
throe references to: Dr. Aviv Hassid, Department 
of Physiology, University of Tennesse, 894 Union 
‘Avenue, Memphis TN 38163. E-mail: ahasside 
ennesccceda, fax: 90-48-7126. The Uiscomey of 
Temence an Equal Employmen Opprnty Aina 
Aion Tide V1/ Tae IX/Setton 5U4/ADAVADEA Ina 
intone the proviso of ty ebuction and copy po= 
an and wots 


POSITIONS OPEN 


ASSISTANT/ASSOCIATE/FULL PROFESSOR 
Baruch College/City University of New York 
The Department of Natural Scienoes at Baruch 
College /Ciey University. of Now York sccks a $i: 
‘entist (rank and science discipline open) witha global 
Penpective to dovclop coun in environmental st 
Tainablity that will broaden the education oF stu- 
dents in the at and sciences, business lw, and public 
flair. Areas of expertise might include global climat 
Water resources, cconjstem management, environmen 
tal threats to human health, clean technologies alter 
native encrgy, integrated pest management, and green 
architecture. The candidate must ako establish a vig- 
‘oroun research progsam ansd mentor undergraduates. 
Salary: competitive and commensurate with qua 
ifications and experience 
Doctorate in an appropriate discipline required. 
Candidates should offer evidence of excellence in 
undergraduate teaching and research; strong leade! 
ship shils. Experience ebtaining funding from govern 
ment and private sources a plus, Practical experience 
in the United States and abroad highly desirable, 
Please send curriculum vitae and three Itters of 
recommendation, by February 28, 2007, to 
Professor John H. Wahlert, Chair 
Department of Natural Sciences 
Baruch College/City University of New York 
‘One Bernand Baruch Way, Box A:0506 
New York, NY 10010 
Aw Aficmative Ation/Equsl Oppornity/ Americans with 
iatsnes Act Employer. 


POSTDOCTORAL FELLOWSHIP AT 
WELLESLEY COLLEGE 
Welly College invites applications for aww year 
POSTDOCTORAL RESEARCH /TEACHIN 
FELLOWSHIP, sponsored by a. grant from the 
Howard Hughes Matcal Iniste Unnergaduate Bi 
‘ological Séences Education Program. The Fellow will 
Svork with an interdseipinary team of faculty mem 
ters (biology and computer science) and our und. 
salute walents ca 3 projet apphing binformatcs 
techniques toward understanding gene regultion in 
tsctera. Bacteriology experience i expected, Tea 
ing (25 percent of time) will be either in molecular 
thology or fvtnformatics. Applications, inching cur 
fhoukim sta, statement of escarc interests aa expe 
fienee, and three letets of recommendation should 
Beat Blan Then, Computer Secs De 
Wellesley College, Wellsey, MA 02481, 
Eremal baden@wellacyedu pete to Api Ty 
43007 
Walley Calle tan Equal Opomny/Afinnaive 
Action atonal Inston ad Employer. ‘The Cal + 
ity of the le iy 
dhe amo. Candidates wh eve thy wl conte 
to that gol are enonraged 1 apply 


ASSISTANT PROFESSOR IN 
BIOLOGICAL ENGINEERING 
Purdue University 

The successful candidate will establish a renowned 
rescarch program focusing on integration of biolog: 
ical sciences into engineering, A full job ann 
ment and application requirements arc available at 
website: http://www.purdue.edu/ABE/. Re 
Mew of applications will begin February 16, 2007, 
For questions, e-mail: bioengr@purdue.ed. 


FARAN LABORATORIES S.A, completing 50 
years of innovations in the pharmaceutical industry i 
Announcing a grant for funding in the area of peo 

tate cancer prevention using natural products. Iti 
anticipated that a two-year grant will be awarded for 
| maximum amount of $100,000, of which no more 
than 10 percent can be used for indirect costs. The 
second year of fanding will be based upon successful 
‘completion of measurable goals in the fist year of 
Study. For more detail visit website: http://www. 
faran.gr 


www.sciencecareers.org 


It's a new day 

in miRNA detection 
, when you can do it is 
in one day. 


miR-21 detection 
in HeLa total RNA (yg) 
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novel method is fast and easy, allowing you to 

19 and quantitative measurement of miRNAS in less 

nother 3 days using the old Northern 

bsite today to lea more. 

miRtect-IT~ miRNA Labeling and Detection Kit 

* Based on splinted-ligation te y — Abridge oligo hybridizes 
toa specific miRNA and a lab 

* miRNA becomes directly label 

Benefits 

© Speed - capture and label miRNA in just over 2 hours 

* Sensitivity - detect miRNA in as little as 50 ng or less of total RNA 

* Quantitative Results - accurate miRNA measurement in 6 hours 


achieve d 
than one day. So 
Blot method—go to our 


y ligation, then visualized 


For more information on miRtect-IT™ USD b 
call 800.321.9322 or visit www.usbweb.com/mirtect-it 
In Europe: +49(0)76 33-933 40 0 or visit www.usbweb.de/mirtect-it FEC aap 


